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EXCHANGE TELEGRAPH COMPANY, “LIMITED. 


: ucorporated: 1873, 


Under the Acts, and a license from Het Majesty Postmaster General) 


Orrices, 17 AND 18, CORNHILL, | LONDON, Re. 


“this is now establishing branch offices or stations throughout the and suburbs 


the cue of.its 


LEG RAPH ic CALL ‘SYSTEM, 


by the aid of Hi x subscribers gin be enabled at ony hour of the 


SSENGER, CAB, OR. POLICEMAN, 


many other the wants of a private house, office, or place of of 


kind may be attanged for, all such being made in the same uniform manner by the pressure ofa button on a 
small automatic instrument, placed as most convenient arid telegraphically connected, with the nearest “ Call 


Station” of the Company, which i in no casé Will be distant from the subscriber more Hana quarter of a mile. 
. ‘op three misutes’ time: these instruments occupy but a few.inches of space, are mot Kable to get out of order, 


require no local batteries or winding up, and no knowledge whatever of telegraphy fo Work them. : 


CALL STATIONS * 


with ‘be established wherever. demand for them, may azise; they will be provided: wit ith a of 


operators and. messengers, whose be to receive and attend to “Calls.” policetrnan will be found 


there, ahd an expert with a Band pump-or-estineteur ready to act on the first alarm of fire, and each: station y 


will be in telegraphic communication with the nearest 


POLICE AND FIRE BRIGADE STATIONS, 


established by thé Américan District Telegraph Company te meet. a great public want, and where its practical 
advantages have become 80 fully -tecognised and appreciated that it is being rapidly adopted throughout the 


States; in New York, where: it ofginated, and ‘some thousands of instruments are at work, itis considered. 
indispensable | 


THE HOME TELEGRAPH. 


Extra Instruments at a reduction. 


Messengers when employed Six ncë to Eightpence per hour. 


ie instruments placed and connected with the nearest Call Station of the op and kept i in working a arder 
free-of all charge to subscribers. 
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THE SCENOGRAPH. 
LL TOURISTS SHOULD SEND AT ONCE 
for the SCENOGRAPH MANUAL, PRICE 6d., 
including a cabinet-sized landscape taken with the 
instrument. This work fully describes this WON DER- 
FULLY CHEAP AND COMPACT POCKET TOUR. 
ISTS’ CAMERA, the price of which complete with 
STAND, LENS, TWO DOUBLE DARK SLIDES, 
STAINED CASE, &c., is only FIFTY SHILLINGS. 
A smaller size for pictures 44 by 34, THIRTY-FIVE 
SHILLINGS. | 
THE SCIOPTICON COMPANY, 
157, Gt. Portland-street, London, W. 


TO INVENTORS. 


ESSRS. BREWER & JENSEN, British, Fo- 


reign, and Colonial Patent Agents, give prompt personal 
attention to all matters entrusted to them. Office for Patents, 
33, Chancery Lane, W.C. Established 1844. 


PATENTS—PATENTS. 


OBERTSON, BRoMAN & Co. (established 50 


years) continue to obtain Patents for Inventions. Pam- 
phlet, containing special advice, gratis or by post. 166, Fleet- 


street, London. 


H M. Capner, Manufacturer of Electrical- 


Galvanic, and Philosophical Apparatus of every descrip- 
tion.—20, Northampton-square, Clerkenwell, E.C. 


REVILLES AUSTRALIAN TELE. 


—" gram Company. London offices, 94, New Broad-street, 
City, E.C, 


AUSTRALIAN OFFICES. 

Melbourne—Greville’s Exchauge, Collins’-street. 

 Sydney—Greville’s Commercial Room, George-street. 

Adelaide—South Australia. 

Brisbane—Queensland. 

This Company receives and despatches messages for any parts 
of Australia at the lowest rates. For particulars apply to the 
Managing Director, at the above address, 94, New Broad-street, 
Lontion, E.C. 


"J'ELEGRAMS.—The Oriental and Ameri- 


can Telegram Company (Limited), 1;0, Leadenhall-street, 
having, from the rst December, 1876, taken over the business of 
Flamant’s North American Agency, are now prepared to receive 
and despatch Messages to NorTH AMERICA, South America, India, 
China, Australia, &c. Registered Clients effect a considerable 
saving through this Company. No charge made for Registration. 
(See Tariffs.) Messages for all parts are received at the Offices of 
the Company, 140, Leadenhall-street, E.C., and forwarded with 
the utmost despatch. Otto Rocus, Managing Director. 


BLOCK TELEGRAPHS AND ELECTRIC 
INTERLOCKING SIGNALS. 


COMPA 

Respectfully invite the attention of Railway Directors, Managers, 
and Engineers to their important improvements in ‘ Block” 
Telegraphs, especially to their new system (Patent 1874, in con- 
junction with Messrs. SAxBY & FARMER), inspected and improved 
by Captain TYLER, on behalf of the Board of Trade. By the use 
of this appliance, a signalman who receives a telegraphic indica- 
tion of a line blocked, from the signalman in advance, cannot pos- 
sibly give a contrary signal upon the outside semaphore to the 
engine-driver. : 

“ Such is the latest development of railway signalling, which is 
worthy of careful attention, constituting, as it does, a marked 
advance upon the ordinary block system.”—The Times. 
Office and Works=—4, OLD STREET, GOSWELL Roap, LONDON. 


| logist to Her Majesty. 149, Strand, 


PHOTOGRAPHY 


Complete set of Photographic Appa- 
ratus, comprising Polished Mahogany 
a Camera, Quick Acting Lens, Strond 
Tripod Stand, Bath, Dipper, Dishes, 
Scales and Weights, Measures, Print- 
ing Frame, Glass, and all the Che- 
micals and Materials necessary for 
taking Negatives 4} by 3} inches, 
and printing Positives on paper, with 
book of Instruction. Price complete 
in strong box with partitions, £3 10s. 


WRATTEN & WAINWRIGHT, 


MANUFACTURERS, 


38, GREAT QUEEN STREET, LONDON, W.C. 


EOLOGY.—Elementary Collections, to 


illustrate the new edition of Lyell’s ‘‘ Stndents’ Elements of 
Geology,” and facilitate the important study of this science, can 
be had ai 2, 5, 10, 20, 50, to 1000 guineas. Also single Specimens 
of Rocks, Minerals, Fossils, and recent Shells. Geological Maps, 
Hammers, all the recent publications, &c., of J. Tennant, Minera-. 
Landon. 
Practical Instruction is given in Geology and ay recy | À 4 
Professor TENNANT, F.R.G.S., at his residence, 149, Strand, W.C. 


| ().& F. H. VARLEY, Engineer Contractors, 


-Mildmay-Park Works, Mildmay-street, Highbury, N., 
manufacture Improved Morse Ink-writers, Duplex Instruments, 
Double Current Keys, Relays, Resistance Coils, Galvanometers, 
all description of Testing Apparatus for Submarine and Land 
Lines, Block-signalling Instruments, Batteriesand Stores. Con- 
ines eritered into for Construction and Maintenance of Telegraph 

ines. 


F{LECTRIC BELLS, On an improved 


system, enabling any one entirely ignorant of the science of 
Electricity to fix their own bells. Price of the complete apparatus, 
Bell, Battery, Communicator, and Wire is £1 1s. only, and will be 
sent for Is. extra, carriage paid, to any railway station in England. 
Hotels and Mansions fitted. Price lists free of cot 


J. W. E. ARCHBUTT, 
8, BRIDGE STREET, WESTMINSTER. > 
Facing the Houses of Parliament. 


MESSRS. H. A. HARBOROW & H. SPAGNOLETTI 


Electric Telegraph Engineers, 
CONTRACTORS AND MANUFACTURERS, 


4, Circus Street, Marylebone, W. 
Makers of Block Instruments, Single and Double Neédle Instru- 
ments, Coils for same with Induced Needles. Lines constructed 
and maintained. Batteries of every description. Electric Bells, 
Indicators, Thief and Fire Alarms for private houses, banks, 
hotels, warehouses, &c. &c. Lightning Conductors. All kinds of 
Electrical Mining Apparatus. H.and H.S. draw attention to 
their Bells, &c., especially adapted for mines. Models made, Ex- 
periments carried out.—4, Circus-street, Marylebone, London, W. 


TOWNSON & MERCER, 


(LATE Jackson & Townson,) 


HOLESALE AND Export DEALERS and 


Manufacturers of CHEMICAL AND SCIENTIFIC 
APPARATUS, graduated Instruments, Pure Chemicals, &c., for 
Analysis and the general Laboratory Use of Manufact:rers, 
Mines, Universities, Schools, &c., 89, Bishopsgate-street Within, 
London. Sole Agents for Prof. Wanklyn’s Test Solutions for 
Water Analysis. Illustrated Catalogues post-free on receipt of 
three stamps. 
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RAILWAY GUIDE 


| / In and out of every Town in Great | X Y / | 
| ; Britain and the principal Continental | 


Cities, without a Second Reference. 


| BENNETT & Co. 61, FLEET STREET, E.C. 


TRÜUBNER & Cos. PUBLICATIONS. 
THE LATHE AND ITS USES, 4th Edition, 8vo. Cloth 16s. 
THE AMATEUR MECHANIC’S WORKSHOP, 4th Edition, 8vo. Cloth 6s. 
THE MECHANIC’S FRIEND, Crown 8vo., Cloth 4s. 6s. sia 
AMONGST MACHINES, Imperial 16mo., 7s. 6d. | 

A Catalogue of Works on Applied Science, post free 2d. 


LONDON: TRUBNER & CC. 57 AND 59 LUDGATE HILL. 


Fcp. 8vo., cloth, 1s. 6d. 


HLECTRO-TELEGRAPHY. By FREDERICK S. BEECHEY, TELEGRAPH 


Engineer, A Book for Beginners. 


Royal 32mo. roan, 6s. 
A POCKET-BOOK OF USEFUL FORMULÆ AND MEMORANDA FOR CIVIL 


and Mechanical Engineers, by Guildford L. Molesworth, Mem. Ins. C. E., Consulting Engineer to the Government of India for 
State Railways. Eighteenth edition, revised, with considerable additions by the author; together with a valuable contribution on 


Telegraphs, by R.S. Brough. London: E & F.N.SPON, 48, Charing Cross. New York: 446, Broome-street. 
PRIZE MEDAL 
MAGIC LANTERNS AND SLIDES, 


As in use at the ROYAL POLYTECHNIC and all Scientific Institutions. — 
Lantern Slides from original sketches of the RETURN ARCTIC EXPEDI- 
| TION now ready; also of the TURCO-SERVIAN WAR. 
See NEW ILLUSTRATED CATALOGUE OF NEW SUBJECTS, Seasons 1876-77 


Owing to the great demand for Middleton’s Lanterns and Slides, T. J. M. has consider- ~ 


ably lowered the price of same. Sample Slide and Catalogue, 20 Stamps. Lectures for 
all Subjects. Colours and Materials for Painting Magic Lantern Slides in great variety. 


T. J. MIDDLETON, 38, Little Queen Street, High Holborn. 


RUPTURES,—By Royal Letters Patent. BF OF 


NHITE'S MOC-MAIN LEVER TRUSS | .  J: & W. RICKARD, 


À Insulated Wire Manufacturers, Derby. | 
Is allowed by upwards of five hundred Ross 


Medical Men to be the most effective invention in the Agent for London: G. E. GALE, 
curative treatment of HERNIA. The use of a steel 


spring, so hurtful in its effect, is here > avoided, a soft 2, GUTTER Lang (one door fr _ Cheapside). " 
andage being worn round the , while the r ka x 

re uisite resisting power is supplied “à the MOC- HLEC FRIC BELLS. Hotels, Clubs, and 
MAIN PAD and PÂTENT LEVER, fitting with so Private Houses in Town and Country fitted with Electric 
much ease and closeness that it cannot be detected, | Bells, Speaking Tubes, Thief-detectors, &c. The Trade and 
and may be worn during sleep. A descriptive Cir- | Amateurs supplied with Stores. Price-lists on application. 
cular may be had, and the Truss (which cannot failto | Batteries and other Electrical Goods.—EDpwARD J, PATERSON, 
fit) forwarded by post, on the circumference of the | 3, BEDFORD COURT, Covent GARDEN. 
body, two inches below the hips, being sent to the 


| > ve ag J OHN PLACE (late B. Norris), Manufac- 
MR, JOHN WHITE, 228, PICCADILLY, W. | uu Sires, Birmingham, of every deserpicn 
Price of a Single Truss, 16s., 21s., 26s. 6d., 318. 6d., postage- 


n the shortest noti Sole I tor of th manele, cone 
upo notice. Sole Inventor of t 
free. Double Truss, 31s. 6d., 42s., and 52s. 6d., postage-free. An ; De ne Dew etal 


Sacharometer. Inventors’ Models and all kind 
Umbilical Truss, 42s. and 52s. 6d., postage-free. a 


of small Machinery 
| done. Strictest confidence observed. : 
Post-office Orders to be made payable to JoHN WHITE, Post- N.B.— Wheel, Rack, and Screw Cutlery any size and pitch, 
office, Piccadilly. on the shortest notice. 
NEW PATENT "T'as Science Depôr AND ExCHANGE — 


| ane Instruction; The 
onstruction , Hire, 
ELASTIC STOCKINGS, KNEE-CAPS, &C, | (iuti-size and model) Printing, Alphabetic: ana Of 


$ Ë ments; and all kinds of Electric, Pneumatic, Acousti 
_ For Varicose Veins, and all cases of Weakness and Swelling o | Opt cal, Mechanical, Photographic, Chemical, and thes’ by ag 
| the Legs, Sprains, &c. They are porous, light in texture, and | ratus; Lathes, Tools, Engines, Boilers ; Astronomical, Surveying 
| inexpensive, and are drawn on like an ordinary stocking. Price { and Drawing Instruments; and all kinds of Material, da LE 
from 4s. 6d., 7s. 6d., 105., to 16s. each, postage free. De. Science Depot, Chenies-st 
| ottenham-court Road.—Immense Stock, and variet È 
JOHN WHITE, Manuracrurer, 228, Prccapitty, Lonpon. | hand Instruments at half-price. sty of second- 
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GEISSLER TUBES AND’ COMETS. 


FRESH interest is from time to time being awakened 
in those erratic celestial visitants of our system, 
about which there is so much that is still 
enigmatical. ‘The general appearances they pre- 
sent are familiarly known. Their enormous 
volume is apparent; but not less demonstrable is 


the extreme tenuity of the vapours or gases 


composing them; through which, in thick mass, 


small stars shine with almost undiminished bright- 


ness, and traversing rays of light suffer no 
perceptible refraction. It is further known that 
the sun has a powerful influence on this cometary 
matter; for the comets tend to a more condensed 
and globular form when at a distance from him; 

but on coming nearer, the substance infereases in 


lightness and volume, and alters in form, giving. 


the phenomena of the fail, which is most extended 
at the perihelion, and, generally turned away 
from the sun, appears subject to a repulsive 
force exerted by him. 

The question as to the nature of this force 
has not yet received a decisive answer from 
physicists, but there is strong probability that it 
is of electrical nature. 
Olbers, and M. Faye’s observation that the force 
diminishes with the square of the distance, and 
that it is proportional to the active surfaces, is in 
accordance with the hypothesis. M. Zdllner’s 
theory of electric repulsion between the sun and 
comets is based on the statical repulsion of two 
electricities of the same name. 
evident difficulty here, in the fact of the distance 
between two celestial bodies, like the sun and a 
comet, being too great for polar action to be 
possible; the action of the iwo electricities ‘should 
neutralise each other. 

The subject appears to have important new 
light cast upon it from a series of researches by 
two Austrian observers, MM. Reitlinger and 
Urbanitzky, described recently to the Vienna 
Academy. Ifa finger or any conductor be brought 
near the luminous column in a Geissler tube, an 
attraction is observed, which has been explained 
by the known laws of electrical influence. But 


these observers, experimenting with a number of 


tubes, found some which gave a _ pronounced 
repulsion instead of an attraction. These ex- 
ceptional tubes contained, one bromine, the other 
perchloride of tin. Besides repulsion, the tubes 
showed a peculiar green light on the side towards 


This was the opinion of 


But there is an | 


which the column was forced; a kind of electric 
phosphorescence. 
Examined spectroscopically, both tubes gave 
like spectra, and the most visible parts presented 
the three bands which are generally attributed to 
the spectrum, of carbon, and which are met with 
in cometary spectra. This identity of spectra is 
accounted for by supposing that the light was not 
furnished by the gases that had been introduced, 


which may have been absorbed by the electrodes, 


or precipitated on the glass; but by a trace of some 
rarefied gas of another kind. 

The authors then prepared a number of tubes 
with various gases (air, oxygen, hydrogen, nitrogen, 
carbonic acid, and coal gas), exhausting to 2 to 
8mm.; and in all these cases they found attraction. 
But on pursuing the rarefaction further, the effect 
was reversed; they obtained repulsion. This 
became more and more pronounced, so long as the 
nebulous light was not replaced by a singular and 
stable sort of stratification, which appeared un- | 
favourable to the effect. The light of the nega- 
tive rheophore shows neither attraction nor repul- 
sion. The rarefaction was continued down to 
o'2mm. 

When one pole of the induction coil is connected 
to one of the electrodes of a Geissler tube, and the 
other pole connected to earth, the interior of the. 
tube may be rendered luminous; (a Smee battery 
of eight elements was used). In this case there © 
is marked attraction in gas having a tension of 
6to8mm. Continuing the rarefaction, you come 
to a neutral point ; thereafter the same gases give 
a repulsion quite as pronounced as the previous 
attraction; and it may even be observed at a dis- 
tance of three to six centimetres. This repulsion 
always increased with-the rarefaction, and it was 
the greatest possible with the greatest degree of 
rarefaction, viz., o‘2mm. 

There is another and still more striking form in 
which the phenomenon can be studied. A wider 
tube is employed, somewhat like the electric egg. 
The nebulous light produced has a remarkable 
resemblance to the tail of a comet. The authors 
thought they could even distinguish in it the two 
principal forms which are presented in drawings 
of comets, according as the pole employed was 
positive or negative. The repulsion produced by 
the finger was here very strong, and manifest at 
a great distance. When an insulating substance 
(e.g., an ebonite plate) was brought towards the 
light, instead of a conductor, there was no re- 
pulsion; which proves that the phenomena in 


question were truly electrical. 


Whether or not the theory of cometary smubision 
thus propounded be the true one, the apparent 
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similarity of conditions and phenomena in the two 
cases is certainly remarkable, and the discovery 
of this new form of repulsion is one of considerable 
interest. We may note, in conclusion, that to 
account for those celestial repulsions M. Faye has 
endeavoured to prove experimentally a repulsive 
force exercised by incandescent surfaces. M.M. 
Reitlinger and Urbanitzky are of opinion (also 
based on experiment) that the conducting nature 
of the bodies employed by M. Faye was more 
important, for the success of his experiments, 
than the incandescence. 


=a. 


“THE DEVELOPMENT OF STATIC ELEC- 
| “TRICITY. | 


THE sources whence static electricity may be 


obtained are various. The best and _ longest 
known is friction. Besides ordinary friction, a 
number of other sources have been found, which 
are closely allied to it. Thus, in 1732, Gray 
observed that electricity was developed, when he 
poured fused sulphur out of a vessel. Again, 
Nicholson obtained electricity in the clearage of 
minerals, and Wilson in cutting other substances, 
e.g., wood with a knife. To this class of sources, 
lastly, belongs that described by Dessaignes, who 
found that a glass rod dipped in mercury comes 
out positively electrified. 

A second source, quite different from these, was 


observed by Volta in the vaporisation of certain | 


liquids. A third is presented in the contact of 
certain bodies even where there is neither friction 
nor chemical action between these. Certain 
chemical combinations, especially combustions, 
are attended by a development of electricity. 
Finally, it has been found by M. Becquerel that 

pressure is a source of electricity, and he has 
~ also investigated the electricity which accom- 
panies capillary phenomena. 

May a unity be detected in this variety? Is it 
possible to reduce all these phenomena to one 
and the same cause? This has recently been 
attempted by M. Spring, in an interesting paper 
communicated to the Belgian Academy. The 
general proposition he enunciates is this :—Every 
variation in the energy of attraction-force is 
- accompanied by a change in the electrical state 

of a body. Discussing at some length the 
different modes of producing static electricity, he 
endeavours to show that they all involve a change 
of the attraction-force; and he also illustrates his 
principle by special experiments, to some of which 
we here invite brief attention. 

M. Spring sets himself the task of proving 
that when by mechanical means a change is 
effected in the energy of attraction-force of body, 
the latter becomes electrical; and further, that 
when electricity arises, an adhesion or attraction 
is terminated. | 

For measurement of the very small quantities 
of electricity here in question, the author used a 
delicate arrangement which we have formerly 
described (see page 266). The point on the scale 


to which the end of the glass pipe was pulled 
down indicated the strength of the electric 
attraction. 

A very simple means of altering mechanically 
the attraction of the minute particles of a body is 
afforded in the stretching of a caoutchouc plate. 


The inter-molecular spaces are enlarged, and as 


the attraction is a function of the distance of the 
molecules from each other, changes must here 
occur in the energy of the attraction. Such a 
change of state is otherwise indicated by the 
variation of temperature where a stretched 
caoutchouc plate returns to its ordinary state, or 


conversely. | 


Now, it appears from experiment that a change 
in the state of mecharical tension ofthecaoutchouc 
essentially alters its electrical state. Thus, if wé 
take a plate of vulcanised caoutchouc, from which 
the superfluous sulphur has so far been removed 
that it has nearly half the transparency of fine 
caoutchouc, stretch it strongly, and rub it lightly 
with a piece of cloth, it takes a quantity of 
electricity so considerable as no longer to be 
capable of being measured with the electric 
dynamometer. ‘The adhesion of the pith-ball 
cannot be terminated by a pull of 15mgr. If now 
the tension of the plate be relaxed, the quantity of 
electricity diminishes; and when the plate has 
come back to its natural state, all trace of 
electricity has disappeared. The termination of 
the stretched state of the caoutchouc thus results in the 
consumption of a certain quantity of electricity. If 
the electrification of the stretched plate at the 


| beginning be very strong, if it represents the 


maximum of electricity the plate can assume, then 
a small quantity still remains after the plate is 
relaxed. Measured by the dynamometer, this 
nowhere exceeded 2mgr. ‘We must, however, 
infer,’ says the author, “that the quantity of 
electricity consumed when the plate returns to its 
ordinary condition is intimately connected with’ 
the change of attraction which occurs in these 
alterations of state. 

‘“This first experiment is already decisive. 
Indeed, if the change of tension of the caoutchouc 
were without influence on the quantity of elec- 


tricity, this would be greater in the apparatus, 


when the caoutchouc is in the natural state, for 
then it would be spread over a less surface; this 
will readily appear if it be considered that the 
surface of caoutchouc which I used became 
nearly sevenfold smaller, when the state of tension 
ceased. The electricity which originally was 
spread over a surface of a certain extent was now 
spread over seven times less surface, so that its 
density must have been increased sevenfold. We 
must therefore conclude that the relaxing con- 
sumed electricity. | 

‘ Conversely, if we take an unstretched plate of 
caoutchouc, which is perfectly neutral, and stretch 
it to the maximum, we find it charged with a 
very small quantity of electricity. This quantity 
measured with the dynamometer was always less 
: 

‘ [ have repeatedly tried to determine the sign 
of the electricity which is developed by the 
stretching of caoutchouc, but always failed, as 
the quantity is too small to afford an exact 
determination of its nature. If we assume (and 
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there is scme probability) that it is positive 
electricity, the question arises, whither goes the 
negative electricity, which, at least, according to 
commonly received ideas, must be simultaneously 
developed. This question remains unanswered.” 

Another means of altering the attraction-force 
in bodies is furnished in the solution of solid bodies 
in liquids, when no chemical processes occur there- 
with. MM. Becquerel and Wiillner have demon- 
strated the production of electrical currents in 
dissolution of salts in water. 
Spring’s principle, static electricity must also be 
developed in such cases, and he succeeded in 
proving this. 

He employed, in these experiments, chloride of 
sodium, sulphate of copper, and nitrate of potash. 
A small cylinder of each salt was cut; on one of 
the circular ends was placed a platinum plate; 
the curved surface was coated with shellac, and 


the other free end surface was brought into contact 
The water was connected to earth, 


with water. 
and while the salt was dissolving, free electricity 
could be detected on the platinum plate by means 
. of the dynamometer. Chloride of sodium gave 
the least quantity of electricity; sulphate of copper 
gave more, and here it increased with the tem- 
perature of the water, partly because the solu- 
bility increases with the temperature, but partly 
also because the temperature of itself acts on the 
electrification of the salt; and this action was 
also demonstrable when instead of water mercury 
was used for the experiment. Nitrate of potash 
gave still better results: the quantity of the 
electricity was greater, and the action of rise of 
temperature more decided. These facts, then, 
demonstrate (in the author’s opinion) that the 
phenomenon of solution is accompanied by pro- 
duction of a certain quantity of electricity, which 
increases with the rapidity of the solution. 

We may now shortly notice some of the 
evidence M. Spring adduces to prove that all the 
hitherto known sources of static electricity are 
reducible to the principle which he has enunciated. 

When two bodies in contact with each other 
are separated, the electricity which appears is 
greater, the more the two bodies have adhered to 
each other. This M. Spring proves by experi- 
ments, in which he brings a glass plate into 
contact with mercury, measures the adhesion, 
and then compares it with the quantity of 
electricity developed on separating the plate. By 
changing the temperature the adhesion of the 
plate was varied, and the quantity of electricity 
developed on the glass by pulling away was 
always, and in the same direction, different. A 
similar result was obtained when he altered the 
surface of the mercury by blowing on it or 
strewing it with lycopodium. In the former 
case, the adhesion and the electricity were smaller ; 

in the latter, they were both nil. 

The observation of Gray, that electricity 
appears when fused sulphur is poured out of a 
vessel, was repeated by M. Spring with an hour- 
glass, in which he melted various easily liquefiable 
alloys and metals, which in the liquid state 
showed different adhesion to the glass, while the 
adhesion could be entirely destroyed by strewing 
the glass with lycopodium. In all cases the 
electricity produced by the outflow in the glass 


According to M. 


was greater, the stronger the adhesion of the 
substance to the glass. 

It may be concluded, then, the author believes 
that electricity arises from every termination of 
attraction, or at least that it accompanies this, 
According to the principle of reciprocity, he adds, 
we must suppose that electricity, of itself, in 
certain circumstances, can diminish or terminate 
attraction. 


RUSSIAN TELEGRAPHS IN 1874. 


Tue Official Report on the condition of the 
telegraph system in Russia has been recently 
published. | 

State Telegraphs. We learn from it that Russia 
possessed of State telegraphs at 1st January, 1875, 
lines to the extent of 57,7182 werst, with a total 
wire length of 111,813} werst (the werst = about 
three-quarters of an English mile). The increase 
in 1874 was 1,1214w. line-length, and 4,531} wire- 
length. The number of stations added in 1874 
was 34, making a total at rst January, 1875, of 
701 stations. ‘To the previous apparatus were 
added in 1874, 49 Morse apparatus, and 22 
Hughes, with 2,705 Meidinger elements, so that 
on ist January, 1875, there were altogether in 
action, 1,650 Morse, and 98 Hughes, with 54,291 
Meidinger elements. 

Private Telegraphs. At the beginning of 1875 
the extent of railway telegraph lines was 14,982w., 
wires 33,064w., and the number of stations gor 
(showing an increase of 2,009w. in the lines, 
3,9944w. in the wires, and 108 in the stations). 
The Anglo-Indian telegraph line had, as before, 
an extent of 3,407w. line, 70,834 wire, and. 53 
stations. There were constructed in 1874, of 
telegraphs belonging to private companies and 
persons, 18iw. line, 183w. wire, and 7 stations, 
making a total, at beginning of 1875, of 3424w. 
line, 3423w. wire, and 36 stations. | | 

Thus the entire telegraph system of Russia 
contained, at beginning of 1875, 76,450Àw. line, 
152,3033W. wire, and 1,691 stations (showing an 
increase of 4,101kw., 9,233%W., and 135 in the 
three cases respectively. | 

At the beginning of 1875 there were 126 post- 
offices open for despatch of telegrams. 

Personnel. 


(showing an increase of 380 persons during the 
year). Of these there were engaged in the 
telegraph-administration 150; at stations, 6,243, 
of whom 576 were station-superintendents (+ 23), 
2,923 male operators (+ 271), 520 female operators 
(+ 24), 55 students (same number), 574 overseers 
(+ 7), and 1,483 messengers and servants (+ 74). 
The proportion engaged in the administration is 
2°3 per cent.; in oversight of lines 10°8 per cent. ; 
in sending and receiving telegrams 63°7 per cent. ; 
in despatching of telegrams to the proper 
addresses,.and service, 23°2 per cent. 

Telegraph Correspondence. The total inland 
correspondence (of paid and free telegrams) was 
in 1874, 3,116,168, showing an increase of 10} per 
cent. on 1873. The total international traffic 
(telegrams despatched and received) was 684,257, 


At the 1st of January, 1875, the — 
entire number of persons employed was 6,393 


| 

i 
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showing an increase of 114 per cent. on 1873. 
The entire number of telegrams was thus 
3,800,425; (inland correspondence, 76°8 per cent., 
international, 17°7 per cent.; sent free, 5°5 per 
cent.) 

Of the international correspondence, most 
telegrams were sent to and received from 
Germany, 206,137 (showing an increase of 18,046). 
Next come in succession, England, 117,114 


(+ 17,655); Austria-Hungary, 74,953 (— 10,282) ; 


France, 61,246 (+ 8,478); Sweden, 29,366; Italy, 
22,316; Holland, 22,283; Belgium, 15,949, &c. 
With countries beyond Europe, 3,289 telegrams 
passed between Russia and Asiatic Turkey; 


_ Persia, 3,002; America, 819; Egypt, 575; China, 
There was 10'g per cent. | 


379, &c.; Australia, 1. 
increase in the foreign telegrams. The corres- 
pondence with Germany was 33°6 per cent. of the 
whole, with Great Britain, 19°‘1 per cent.; and 
with France, 9°9 per cent. The traffic with these 
three countries had increased 13 per cent. With 
America the increase is 117°2 per cent., with 
Spain, 54°8 per cent.; with Denmark, 32°3 per 
cent., &c. The correspondence with Egypt had 


. diminished 34 per cent.; with Austro-Hungary 


12 per cent.; with Roumania, 4°3 per cent.; with 


Persia, 1°05 per cent. 


Of transito-telegraph correspondence, there 
were, in 1874, 58,493 telegrams (283 per cent. 
more than in 1873). This class of correspondence 
is forwarded in two ways; the correspondence of 
Western Europe and America with Persia, India, 
and Australia, over Warscha, Kertsch, to Djalfa; 
and that with China and Japan, over Siberia to 
Wladiwostock. By the former were sent 47,022 
telegrams; by the latter 11,471 telegrams. Of 
this correspondence Great Britain contributed 
83°5. per cent.; Germany, 6°5; America, 4'0; 
France, 2°6; and the remaining States, 3°4. 

As regards traffic of the separate stations, it 
appears that in 1874 there were thirty stations at 


which the number of telegrams handed in 


amounted to 15,000, and of these stations, thirteen 
with more than 30,000. 
the larger numbers:—St. Petersburg, 449,680; 
Moscow, 289,748; Odessa, 107,697; Warschau, 
80,297; Kijeu, 61,131. The entire number of 
telegrams handed in at the thirty stations referred 
to was 1,677,293; and the total of telegrams 
exchanged 6,498,329. At the remaining stations, 
1,548,315 and 6,025,327. The thirty stations, 
accordingly, present more than half of the whole 
telegraph activity of Russia. At twenty-six of 
these thirty stations the traffic had increased, 
and at four diminished. 

On an average, each of the above-mentioned 
apparatuses gave 7,140 telegrams as against 6,223 
in 1873, an increase of 917 telegrams for each 
apparatus. 

Of inland telegrams, most were sent in May 
(viz., 277,228) fewest in February (236,735). Of 
foreign telegrams, most were exchanged in July 
(31,123), fewest in January (21,030). 

Revenue and Expenditure. The gross receipts of 
the Telegraph Department in 1874 were 4,822,661 
roubles, against 4,630,029 roubles in the previous 
year, an increase of 4°1 per cent. (The rouble = 
about 3s. 4d.) The expenditure was 3,899,748 
roubles, against 3,646,220 in 1873, an increase of 


We give a few of 


6°g per cent. The net revenue during 1874 was 
922,913 roubles against 983,809 roubles in 1873, 
or about 60,896 roubles less. If the gross receipts 
be divided among the telegrams forwarded, we 
have an average receipt for each telegram of 
1 rouble 48kop. In each werst of wire-length the 
receipts amounted to 42 roubles 58kop., the 
expenditure to 34 roubles 93kop., the net receipts 
7 roubles 63kop. (Readers who may wish further 
details of this instructive report are referred to 
the Russische Revue, 5 Jahrgang, 10 Heft.) 


=. 
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ON A NEW DYNAMO-MAGNETIC 


| PHENOMENON. 
BY MM. TREVE AND DURASSIER. 


Ler a horse-shoe magnet, of any length, be 
covered on one face with a varnish, or better, a 
plate of glass. If on the neutral part we place a 
cylinder of soft iron, we shall see this move 
towards the poles, which it will reach in a time 
which is, naturally, a function of the weight of 
the cylinder, and the coercitive force of the 
magnet. The magnetic attraction, then, is here 
exerted not merely in the limited field which has 
been assigned to it; but over the whole extent of 
the magnet. | 

Thus we have a new way of estimating the 
magnetic force by the mechanical work it does. 
The product of the weight of the moveable body 
by the space passed through, divided by the time, 
will be the exact measure of this magnetic force. 
If we determine this force, ¢.g., for three large and 
three small magnets, similar in form and weight, 
and containing respectively 0°250, 0°500, and 1 
per cent. of carbon, we can see how it may perhaps 
be possible to determine the unit of magnetic 
force, the ‘‘ magnetie,” and to fix its equivalence in 
kilogrammetres. 3 

We have made great efforts to determine the 
magnetic conductivity of steels in relation to their 
proportion of carbon; but the want of a rigorous 
mode of estimation of magnetic forces has always 
stopped us. The phenomenon described will fill 
the gap, and help us to reach the desired end. 
We will, however, indicate here the plan we have 
followed. | | 

If we take, ¢.g., a steel A;, with r per cent. of 
carbon, of our first Creusot series, its coercitive 
force is found approximately 47 degrees with the | 
compass. We now enclose it in coils, like an 
ordinary electro-magnet, giving the coils the 
proportions of length, section, wire, &c., established 
by M. du Moncel for obtaining maximum magnetic 
force; and pass a very strong current. The 
magnet no longer gives 47° but 64°. If 47 and 64 
were absolute numbers, we might say that the 
magnet A; has 47 of permanent magnetism, but 
can take 64 in the temporary state. 64 would 
represent the magnetic capacity of the magnet with 


1 per cent., that is, the maximum of magnetism it 


can receive. The difference between 64 and 47 
would give the magnetic conductivity. 

Take now E;, the extreme steel of the series, 
with 0250 per cent. of carbon. Its coercitive 
force is 13. If we adapt to it the same coils as to 
Ar, since they are identical in form and weight, 


| | | 
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we get 69 for the magnetic capacity. The 
difference between 69 and 13 will be the magnetic 
conductivity of steel with o‘250 per cent. of 
carbon. 

We have operated in the same way with By, C;, 
and D;, and have obtained the following table :— 


Coercitive force. Magnetic capacity 
_ AY 47 


The magnetic capacity of a soft piece of iron, 
the same in form and weight, was 71. These 
approximate relations show the importance of 
finding a mode of rigorous measurement of the 
magnetic force.—Comptes Rendus. 


> 


COMPARISON OF THE BATTERIES USED 
IN TELEGRAPHY. | 


REPORT OF M. GAUGAIN UPON THE VARIOUS TYPES 
OF DANIELL, CALLAUD, MARIE-DAVY, AND LE- 
CLANCHE BATTERY. 


In order to ascertain the value of the various 
battery couples which I had to examine, I 
measured the electromotive force and the resistance 


of each of them under some of the conditions in. 


which it may be placed. I must, first of all, 
describe the experimental methods I have employed 
in order to determine these two points, the electro- 
motive force and the resistance. | 


Measurement of the electromotive force. 


I employed in the experiments I am about to 
describe the method of opposition which I have 
already made use of in my former experiments 
upon electromotive force, and I took for a unit of 
force the electromotive force of a thermo-electric 
couple one of whose points of junction is kept at 
zero and the other at a temperature of 100°. For 
the purpose of expressing this unit I employ the 
| Bi — Cu 
O — 100. | | 

I long ago (Comptes Rendus, 29th March, 1854) 
called attention to the fact that the electromotive 
force of bismuth-copper thermo-electric couples 
varies from one couple to another, in spite of all 
the care that may be brought to bear on the 
construction of the battery; and although this 
statement has been called in question, I see no 
reason to modify anything I have said upon this 
subject in the Annales de Chimie et de Physique 
(1862, 3rd series, vol. Ixv., pp. 27-34). The 
electromotive force which I have taken as a unit 
is not, then, the electromotive force of any 
particular bismuth-copper thermo-electric couple, 
but is the mean electromotive force of the couples 
forming the battery of which I made use. 

As this battery was composed of only forty 
couples, it would have been quite inadequate to 
measure the electromotive force of the other 
batteries I examined, and I therefore employed, as 
auxiliary batteries, three difterent hydro-electric 


symbol 


| very little from 20 


batteries, a cadmium-iron battery, a zinc-cadmium 


battery, and a Daniell battery: my standard 
battery. comprised in all forty thermo-electric 
couples (bismuth-copper), three .hydro-electric 
couples (cadmium-iron), three couples (zinc-cad- 
mium), and one Daniell couple. | | 

The couples of my thermo-electric battery have 
been described and illustrated in the Annales de 
Chimie et de Physique (May, 1862): they are made 
with horse-shoe bars of bismuth, only three milli- 
metres in diameter. The cold junctions were 
immersed in a hath of rain water at the tempera- 
ture of the air, and the warm junctions: were 
placed in a bath of paraffine heated by a hot 
water bath (bain-marie). Paraffine insulates better 
than any other substance which I had previously 
used, and it has the advantage of giving off no 
smell at a temperature of 100°. 

The hydro-electric battery (Cd — Fe) I used is 
arranged like a. Daniell battery: the negative 
electrode is a plate of cadmium which is placed in 
a porous cell containing a solution of sulphate of 
cadmium. The positive electrode is a thick iron | 
wire, and is placed in the outer cell, which contains _ 
a solution of sulphate of iron. The chemical | 
action which takes place in this battery is of a 
more complicated nature than that which goes on 
in a Daniell battery, and I confess that I have not 
endeavoured to exactly analyse it; I have limited 
myself to ascertain a fact which is the only one 
of importance to me, namely, that the couple 
(Cd — Fe) preserves the same electromotive force 
during a rather long period when out of action. 

When a couple is intended merely as a standard 


by which to measure the electromotive force of 


other couples, it is a matter of little importance 


whether or not it is liable to become polarised 


under the influence of the current. As the couples 
which serve as a standard are opposed to the other 
couples, which it is desired to measure, only 
during a fraction of a second, and as the current 
which passes during this short space of time is 
extremely weak, it is unnecessary to take the 
polarisation into account. In order that a couple 
may serve as a standard, it is enough for it to 
retain the same electromotive force during a 
certain time when it is out of action, and this 
condition is fulfilled by the (Cd — Fe) couple, 
although its electromotive forcé falls to almost 
nothing when the two poles have been connected 
together for à few minutes by a wire of small 
resistance. The force of the couple (Cd — Fe) is 

Bi — Cu | 
never more than ——— 

O — 100 


when the iron is im- 


| mersed, as I have so far assumed, in a pure 


solution of proto-sulphate of iron; but the force 


can be more or less increased by adding to the 


solution of sulphate of iron extremely small 
quantities of nitric acid, and the (Cd — Fe) couples 
which I used were graduated by this method in 
such a way, that force differed 

— Cu 
——— Besides the fact that 

O — 100. 

couples giving this amount of force are more 
convenient to use than weaker ones, I have found 
that they are also more constant, in the sense in 
which I have here used that term. I have 
ascertained that the (Cd — Fe) couples of my 


| 
| 
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_ standard would remain fitted up for seven or 


eight days together without their electromotive 
force falling more than one unit. I know of no 
hydro-electric couple whose electromotive force 
would vary less in the same time. The zinc- 
cadmium battery has been already employed by 
M. J. Regnault in the measurement of electro- 
motive force: it is composed of a plate of zinc 
immersed in a solution of sulphate ot zinc, and a 
plate of cadmium similarly immersed in a solution 
of cadmium; the two liquids are separated as in 
the ordinary Daniell battery by a porous partition. 
This battery is constant in the ordinary sense of 
the word, that is to say, it polarises to but a very 
small extent when in action, and even when the 
interposed resistance is practically ”l; when, 
however, it remains out of-action, the porous 


partition does not entirely prevent the mixing of 


the liquids, the zinc electrode becomes covered 
with deposits of cadmium, and the electromotive 
force of the couple diminishes rather rapidly: to 
reduce this inconvenience, I have made the outer 
vessel which contains the zinc electrode of a 
diameter equal to five or six times that of the 
porous vase in which the tadmium electrode is 


placed; but even with this arrangement, I have 
found that the (Zn — Cd) couples cannot remain 


fitted up during twenty-four hours without their 
electromotive force falling to the extent of several 
units. 
expedient of separating the two liquids of the 
couples during the intervals between experiments. 

Even at the moment when they are fitted up, 
the (Zn — Cd) couples have not always exactly 
the same electromotive force, at least when the 
metals of commerce are employed, as they have 
been. in my experiments, to form the electrodes; 
these metals are, never chemically pure, «:.u the 


slight differences which exist in their composition 


suffice to cause the electromotive force to vary 
slightly. The mean value of the electromotive 
force of the couples which I have used has been 
Bi — Cu 
about 62 ——-—— 
| O — 100. 
The remarks made in the case of the (Zn — Cd) 
battery also apply in the case of the Daniell: the 


latter polarises very little, even when traversed by 


a strong current; but as the porous diaphragm 
does not entirely prevent the mingling of the 
liquids, the zinc plate becomes coated with a 
deposit of copper when the couple has been fitted 
up for a certain length of time. It is remarkable 
that these deposits of copper do not, in most 
cases, cause a very notable diminution in the 
electromotive force of the couple; they are much 
less injurious than the deposits of cadmium which 
are formed upon the zinc plate in the case of the 
(Zn — Cd) couple; it is, however, better to avoid 
them, and for this purpose I have taken the same 


precautions, as in the case of the (Zn — Cd). 


battery; I give the glass vessel destined for the 
solution of zinc a diameter much greater than 
that of the porous pot in which is to be placed the 
solution of copper, and I keep the two liquids 
separate during the intervals between the 
experiments. 


I employed as electrodes plates of zinc and 


_ copper made from metal of commerce, and the 


I have, in consequence, adopted the 


zinc plates were not amalgamated; the salts used 

were pure and dissolved in distilled water. The 

mean value of the electromotive force of the 

couples used in the course of my investigations 
Bi — Cu 

was about 197 


O —100. 

As will be seen from what has already been 
stated, none of the hydro-electric batteries which 
I have used give an unvarying electromotive force; 
I was therefore obliged to test, very frequently, 
the amount of the electromotive force of each of 
the couples forming part of the standard which I 


. used. 


The following is the process adopted in making 
these tests: I measure first the electromotive 
force of each of (Cd — Fe) couples by means of 
the thermo-electric (Bi — Cu) battery; then, by 
means of three (Cd — Fe) couples, and the thermo- 
electric battery, I measure the force of each of 
the three (7x — Cd) couples; and, finally, I em- 
ploy the three (7% — Cd) couples and the thermo- 
electric battery to determine the electromotive 
force of the Daniell couple. _ , 

This graduation of the hydro-electric batteries, 
which must be repeated each day when one 


‘desires to experiment with a certain exactness, is 


a long and delicate operation which might be | 
avoided by the provision of a thermo-electric 
battery, of sufficient power to measure directly the 
electro-motive force of all the known forms of 
battery. 3 

But if, with this object, it is desired to use the 
(Bi — Cu) thermo-electric battery, about 400 © 
couples must be provided; not only would these 
400 couples be very costly, but they would occupy 
a space of from 6 to 7 metres, if the elements were 
made of the dimensions of those usually con- 
structed by M. Ruhmkorff. <A battery of 400 
couples would also necessitate the employment of 
a number of baths the management of which 
would be extremely difficult. I have thought tHat 
the (Bi — Cu) battery might with advantage be 
replaced by the (Cu — Fe) battery. 

This last mentioned couple is six or seven times 
weaker than the (Bi — Cu) one, and it would 
consequently be necessary to have 2,500 to 3,000 of 
the former as an equivalent for 400 of the latter; 
but, as iron and copper can be used in the form of 
fine wires, 3,000 (Cu — Fe) couples would take up 
much less space than 400 of (Bi —Cu). I have 
had a battery of 100 (Cu — Fe) elements made by 
M. Ruhmkorff, which is equal to 153 (Bi — Cu) 
elements, and has only a thickness of 10 milli- 
metres. 3,000 couples arranged in this way would 
form a battery whose length would not exceed 50 
centimetres, and which would only require two 
baths, one for the cold junctions, the other for the 
hot ones. 

The electro-motive force of the (Cu — Fe) 
thermo-electric couples varies, from one couple to 
another, as in the case of those of (Bi — Cu); but 
a group of 100 elements chosen at random can 
be taken as a standard, and all the other groups 
of the battery made equal to it, by adding or 
taking away one or two elements, as may be 
necessary. 

In order that the junctions of each couple may 
quickly assume the temperature of the baths in 
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which they are immersed, it is necessary that 
these junctions should be bare, and that they 
should project beyond the mass of the insulating 
coverings which serve to bind the couples together. 
I have succeeded after several trials in effecting 
this arrangement in a satisfactory manner; it 
appears, however, that it is rather difficult to 
construct a group of 100 elements arranged like 
that supplied to me by M. Ruhmkorff, so that a 
battery of 3,000 elements would still be very 
costly, notwithstanding the small intrinsic value 
of the metals composing it. For this reason I 
have abandoned the idea of having such a battery 
constructed. | 
(To be continued.) 


ON THE POINTS OF CONTACT OF 
MAGNETISM AND LIGHT. 


(Concluded from page 302.) 
In the last number of the TELEGRAPHIC JOURNAL 


we gave a brief outline of Faraday’s famous. 


discovery of the rotation of the plane of polarisa- 
tion of light, transmitted by heavy glass, under 
the influence of powerful magnetic force. We 
also pointed out the physical explanation of this 
phenomenon, and lastly gave a brief description 
of some recent experiments of Prof. G. Forbes, 
which, though incomplete, tend to establish a 
rotation of the glass, when suspended parallel to 
the lines of magnetic force. 

In connection with Faraday’s discovery, Verdet, 
and lately Becquerel, have made elaborate re- 
searches on the laws that relate to the phe- 
nomena of the magnetic rotation of a polarised 
ray. Verdet has shown that the magnetic rota- 
tions of the planes of polarisation of the rays of 
different colours follow approximately the law of 
the inverse square of the wave-length, and that 
the product of the rotation by the square of the 
wave-length increases from the least to the most 
refrangible end of the spectrum; the substances 
for which this increase is most sensible are those 
having the highest dispersive power. 

A summary of M. Becquerel’s researches has 
recently been given in these columns (TELE- 
GRAPHIC JOURNAL, p. 213 and p. 275). The con- 
clusions arrived at confirm those of Verdet, and 
further show that when a luminous ray of given 
wave-length is taken, the rotation by a diamag- 
netic substance in a magnetic field is proportional 
to the function #2 (2-1) of the index of refraction, 
and to a factor connected with the diamagnetic 
power of the body. For bodies of the same chemi- 
cal family, or of the same chemical radical, the 
quotient of the magnetic rotation by the function 
n2 (n2-1) of the corresponding index of refraction 
is a number which varies very little. 

We now come to the most recent and most 
remarkable of the later additions to our knowledge 
of the relationship between magnetism and light. 
Atthelast British Association meeting, the Rev. Dr. 
Ker, of Glasgow, contributed a paper on the rota- 
tion of the plane of polarisation by reflection from 
a polished magnetic pole. Dr. Ker had previously 


distinguished himself by his beautiful and ex- 


quisitely-delicate discovery of the effect of the 
electrification of dielectrics on the transmission 
of polarised light. This second discovery of Dr. 
Ker’s is still more remarkable, and will ever be 
remembered as one of the most prominent fea- 
tures of the Glasgow meeting of the British 
Association. 

The accompanying diagram shows the experi- 
mental arrangement adopted by Dr. Ker. A beam 
of light L, polarised by a Nicol’s prism, N, falls 
on the polished ,surface of an electro-magnetic 
pole P P, is regularly reflected therefrom, ana- 
lysed by a second Nicol N’, and enters the 
observer's eye at E. The magnetic force is 


concentrated intensely upon the iron mirror by 
means of a wedge-shaped mass of soft iron I, 
which is separated from the mirror by a narrow 


chink. The angle of incidence varies from 60° to 


80°. The plane of polarisation of the incident 


light coincides with the plane of incidence, (by 


this means elliptic polarisation is avoided, and 
initially the two Nicols are exactly crossed, so 
that the light is extinguished by the analyser. _ 

When the mirror is intensely magnetised either 


as an N.or S. pole, the light is restored from 


pure extinction, and disappears again at once 
when the circuit of the magnetising current is 
broken. In the next experiment the first Nicol 
is turned from its initial position through an 
extremely small angle (a) to the right, (b) to the 
left, so that in each case the light is restored 
faintly from extinction. When the mirror be- 
comes an intense S. pole (i.¢., a south-seeking 


pole), the light is increased by rotation (a), but 


weakened by rotation (b). On the contrary, when 
the mirror becomes an intense N. pole, the effects 
are reversed. In other experiments the effect of 
these small rotations (4 and b) and of the 
magnetisations of the mirror are compensated 
separately. The compensator is a fine slip of 
plate glass held at an angle of 45° to the plane of 
polarisation, between the mirror and second 
Nicol, and strained by the hand. By this means 
the optical effects either of the partial rotation of 
the Nicol or of the magnetisation of the pole can 
be neutralised down to pure extinction of the ray 
by the simple compression or tension of the 
glass-slip. Perpendicular incidence of the ray 
was afterwards tried, but no good effects obtained, 
the arrangements being very imperfect.* 


* It is extremely important on theoretical grounds to ‘make 
satisfactory experiments at a perpendicular incidence. Some 
tentative experiments on this point are in progress in the Physi- 
cal Laboratory here, by Mr. Stoney and Mr. Fitzgerald, but they 
await the fuller publication of Dr. Ker’s paper. 
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From these experiments it is clear that when 


plane-polarised light is reflected from a pole of an 
iron magnet, the plane of polarisation is turned 
ia the act of reflection, by the S. pole to the right, 
by the N. pole to the left. The magnetising 
current, in fact, carries the plane of polarisation 
with it. 

We are indebted to Dr. Ker for the foregoing 
abstract of his paper, which we understand will 
shortly be published in full. It only remains for us 
to add that it is improbable the phenomenon dis- 
. covered by Dr. Ker is due to the action of the air 
contained in the magnetic field, Faraday’s observa- 

tions being sufficient todisprovethis. Norisitlikely 
that the phenomenon is due to the direct action 

of the lines of magnetic force on the polarised 


ray. There only remains therefore a change in 


the molecular state of the polished iron surface 
when magnetised, as the efficient cause. If the 
experiment were repeated with a thin layer of 
silver, or other diamagnetic body, over the pole, 
_ then the phenomenon ought not to be observed. 
Mr. Fitzgerald, of Trinity College, Dublin, has actu- 
ally tried this experiment with a silvered and a 
gilt magnetic pole, and, as anticipated, has thus 
destroyed the effect noted with the unsilvered 
- pole. Further, Mr. Fitzgerald has been led to an 
extremely simple and beautiful explanation of 
Dr. Ker’s discovery, which he has recently con- 
tributed to the Royal Society within the last few 
days; an explanation analogous to that has been 
given of Faraday’s discovery. Until the Royal 
Society publish Mr. Fitzgerald’s communication 
we are not at liberty to place it before our readers; 
which, however, we hope to be enabled to do in 
a subsequent number, | 
W. J. Barrett. 


Royal College of Science, Dublin, 


TELEGRAPHIC PROGRESS IN 
AUSTRALIA. 


IN no part of the world has telegraphic energy of 
late years been more signally displayed than in 
the Australian colonies. The extension of the 
Eastern Company’s system to Sydney seems to 
have given an impulse to telegraphic progress 
which has made itself evident by the constantly 
increasing number of new lines that have been and 
are being erected. The latest of these is the line 
connecting South and Western Australia, thus 
bringing the latter into communication with the 
other colonies and the rest of the world. The all 
but impassable desert, the nature of which until 
within recent years was entirely unknown—has 
now been crossed, and a telegraph line has been 
erected over a tract of country which remained a 
sealed letter until opened up by the energy of Giles, 
Forrest, Warburton, and Eyre. The work which 
has here been done during the last few months 
deserves to be ranked amongst the foremost 
achievements of telegraphic construction. 

The line has been erected, and the work has 
been carried on along a route which hitherto had 
baffled the efforts of every traveller, with the sole 
exception of Eyre, who ultimately succeeded in 
making his way through it. 


The South Australian colony undertook the 
completion of the line from Port Lincoln to 
Eucla Bay, upon the great Australian Bight, 
where the system of Western Australia joined 
it. Through the energy of Mr..Charles Todd,. 
C.M.G., the Postmaster-General, and Superin- 
tendent of Telegraphs to the colony, under whose 
immediate directions the work has been carried 
out, the South Australian Government: have all 
but completed their part of the contract. The 
entire length, 600 miles, carrying a single wire, 
has been built within the short space of twelve 
months, and this in the face of obstacles which at 
first sight appeared to be almost insurmountable. 
A track of fifty feet wide had to be carried for © 
hundreds of miles through the forest, and even 


this was but a small part of the difficulties which 


had to be overcome. The means of transit, it was 
at first thought, would all but prevent the work | 
from being carried out. All the stores had to be 
carted; and the lack of water, a great drawback 
in so many parts of Australia, seemed to effectually 
bar the way. One hundred horses have been 
employed and kept constantly at work, although 
in some cases they were as far off as 145 miles 
from the nearest water supply. 


The line is built throughout, except at 


crossings where the roads of the future are 


marked out, of Oppenheimer’s iron poles, nine- 
teen feet in length, and each fitted with a 
lightning-conductor. Sixteen are used. to the 
mile. The ordinary No. 8 galvanised iron 
wire is run on white porcelain insulators, side 
brackets of the usual type being employed to 
support it. The closed system of working is that 
which is adopted, and the field operator in the 
van of the constructing party keeps up communi- 


cation with the nearest battery station, which is 


450 miles off. At times the line is put through to : 
Adelaide, and a circuit of over 800 miles in length 
is thus formed, and has been worked with the 
utmost satisfaction, not a single hitch of any 
kind having as yet occurred in connection with it. 


ELECTRICAL CURRENTS THROUGH 
GLIDING FRICTION OF SOLID BODIES. 


Ir was shown, some time ago, by M. Quincke, 
that in passage of a liquid through a diaphragm, 
electric currents arise, whose direction depends 
on that of the motion. A similar fact has been 
proved by M. Zollner for solid bodies rubbed one | 
against another, and he has made these newly- © 
discovered currents the subject of careful in- 
vestigation. The main fact observed is this :— 
If two different bodies, one of which is an 
insulator, the other a so-called semi-conductor, 
are moved on one another in gliding friction, there 
arise in the half-conductor electric currents whose 
direction depends on the nature and motion of : 
the insulator as follows :—If the rubbed insulator 
is positively electric, currents arise at the surface 


| of contact or within the rubber, which are 


parallel, but opposite to the relative motion of 
the insulator; if the insulator is negatively 
electric, the currents in question are parallel and 
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in the same direction as the relative motion of 
the insulator. . 

These facts can be simply demonstrated by the 
following experiment:—A glass cylinder, half 
coated with resin, is placed so as to be capable of 
being rotated, with a handle, round a horizontal 
axis. A piece of soft sheep leather is used as 
rubber, being stretched on a rectangular piece of 
caoutchouc, so that thin strips of tinfoil can be 
pushed between them, which may serve to 
conduct away the currents. The rubber is kept 
pressed down on the cylinder by silk bands 
proceeding on either side to the insulating glass 
supports. A very sensitive galvanometer is used 
for observing the currents. If the rubber is on 
the uncoated part of the cylinder, and the latter 
is turned from left to right, an electric current 
passes through the wires, and this is immediately 
reversed in direction on reversal of the turning. 
The deflection of the galvanometer rose in one 
case to ten divisions of the scale. The rubber 
having next been transferred to the coated part of 
the cylinder, the phenomena are the same, with 
this difference only, that with the same direction 
of turning, the currents have the opposite direction 
to that in the former case. The deflection here 
rose, in one instance, to eighteen divisions. | 

The intensity of these currents seems to depend 
on much the same conditions as the strength of 
electric excitation in friction of bodies. Thus, 
e.g., if the leather is covered with amalgam, the 
strength of the current is greatly increased; and 
the spot of light may even be sent off the scale 
altogether. 

It has been long known that with an electrical 
machine currents and deflections of a galvanometer 
can be obtained; but the direction of such currents 
-merely depends on which of the galvanometer 


wires has been connected with the rubber and 


which with the conductor. The direction of 
turning does not affect that of the currents. 
These are merely due to the equalising (Ausglei- 
chung) of the electricities separated at the surface 
of the rubber and the insulator. In the experi- 
ments now under study, however, the currents 


arise from equalising of the quantities of electricity 


which accumulate at the two ends of the rubber, 
and change their sign on reversal of the rotation. 

M. Zollner has measured the relative strength 
of these two currents under like conditions, and 
found that the quantity of electricity equalised by 
an electric current in the rubber itself, and which, 
therefore, is lost and without useful effect for the 
machine, is about 35 per cent. of that which 
passes on connecting rubber and conductor 
metallically. This shows that the quantities of 
electricity in question are by no means insignifi- 
cant. 

_ Five rubbers of the kind described were placed 
on the glass cylinder, and their like poles were 
connected with wires, which again were connected 
with the galvanometer. Each separate rubber 
gave, with ten turns of the cylinder, a deflection of 
about 50 divisions. The five rubbers being con- 
nected, it was found that two turns were sufficient 
to produce a deflection of 50 divisions. Thus, the 
quantity of friction-currents becoming equalised 
at each turn of the cylinder, increases pro- 
portionally to the number of the rubber-elements. 


All these experiments succeed equally when the 
disc of an electric machine is used instead of a 
cylinder. The curvature of the surface seems to 
be without any influence on the phenomenon. 

A further series of modifications threw additional 
light on these friction currents. Fe 

A thin leather strip having been taken of such 
length that its ends could be united under the 
cylinder (the strip hanging down separated from 
the cylinder at that part), its inner (amalgamated) 


surface was pressed on the glass as before, with 


silk bands, so as to remain fixed when the cylinder 
was turned. If, now, the two wires of the galvan- 
ometer were connected with any parts of the 


surface of the leather strip, a current was observed, 


during rotation, whose direction in each case 


corresponded to a flowing away of the electricity 


from the two points at which the surface of the 
cylinder separated from the glass and met it 
again. The electricity accumulated at the point 
of separation agreed in its sign with that of the 
rubbed insulator; that accumulated at the point 
of union with that of the rubber. | 

These ex»eriments assumeanoppositecharacter, 
as regards direction of the currents, whenever a 
resinous surface was used instead of the glass 
surface. In this case an ordinary unamalgamated 
strip of leather was used. The currents were 
reversed in direction, on reversal of the rotation. 

A cylindrical glass rod was pushed parallel to 
its axis in a tube-formed rubber of amalgamated 
leather, and the ends of the rubber were connected 
with the galvanometer. Whenever the pushing 
was sufficiently quick, electric currents appeared, 
corresponding in direction to the law enunciated, — 
and they changed in direction when the rod was 
pushed the other way. The same was observed 
when, within a glass tube, was pushed a glass rod 
covered with amalgamated leather. If the glass 
tube was coated on the inner surface with a thin 
layer of shellac, the directions of the currents 
were reversed. | ; 

These latter modifications of the experiments 
present an interesting analogy to. an older 
experiment of M. Züliner, in which electrical 
currents are shown to arise in distilled water, 
when it streams through glass tubes. These cur- 
rents agree, in direction and amount, with those 
obtained by friction of leather against the shellac- 
coated interior of a glass tube. It seems natural 
to assign the same cause in the two experiments, 
since, according to the researches of Faraday, 
Peclet, and Quincke, we are warranted in regard- 
ing the distilled water, which takes the place of 
the rubber, as positively electric to the surface of 
the glass tube. 3 

M. Zollner also regards M. Quincke’s diaphragm- 
currents as merely a more complicated modifica- 
tion of the electric currents observed by himself in 
liquids. In room of the narrow glass tubes we 
have in Quincke’s experiments the numerous 
canals of the porous diaphragm. If it is probable 
the diaphragm and friction currents have the same 
cause, the question arises, whether the recipro- 
cal phenomenon of diaphragm-currents, viz., the 
transference of material particles by the electrical 
current, is represented by something analogous in 


_ the case of friction currents? If so, a rubber, 


which with amalgamated surface rests on a glass 
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surface, should be displaced, when an electric | 


current of sufficient tension is passed through it. 
The direction of this displacement must, according 
to analogy with the diaphragm-currents, take 
place always in direction of that electrical flow, 
which has the same sign as the electricity 
produced by contact. Now, since amalgamated 
leather becomes negatively electric through 
contact with glass, the movement of the leather 
should be in the direction of the negative flow of 
electricity. 
It is not to be expected that such an effect is 
realisable with a piece of amalgamated leather. 
The friction between two solid bodies is so great, 
that it cannot be overcome by the mechanical 
work of the electric current. It is otherwise, 
however, when, in place of the amalgamated 
leather, a mass of mercury of equal contact 
surface is employed. If with horizontal position 
of the glass plate an electric current is sent 
through the mercury, this should be displaced in 
direction of the negative flow of electricity. Such 
a displacement of a mercury mass has, in fact, 
been observed by M. Poggendorff, and described 


by him (many years ago) in his paper ‘On a 


hew Electrical Phenomenon of Motion.” He 
enclosed a mass of mercury in a carefully- 
exhausted glass tube, hung horizontally to the 
pole wires of a Holtz machine, and observed, 
when the current passed through the tube, that 
the mercury was set in motion, and went with a 


considerable velocity from the négative pole to 


the positive. In whichever direction the current 
was sent, the result remained the same. We 
have here evidently a reciprocal phenomenon to 
the friction currents. 

In conclusion, M. Zollner discusses the phe- 
nomena observed .in diaphragm-currents, and 
arrives at the following general law:—In gliding 
friction of two bodies there are developed, at the 
surface of contact, electro-motive forces of such a 


nature, that they produce, under suitable condi- 


tions, an electric current which tends to displace 
the two bodies in opposite direction to their 
relative motion. [These researches are described 
in detail in Poggendorff’s Annalen. | 


|! 


THE GRAMME MACHINE. 
BY Ga Be PHILLIPS, SEN. 


Many have been the attempts to elucidate the 
principle of the Gramme machine, but I am not 
aware that anyone has at all succeeded. Any 
idea of a continued flow of magnetism in the 
circular iron core must be utterly discarded, and 
the exaggerated notions of a continuous flow of 
induced electricity must be reduced to a mean of 
many inequalities. In both these respects, it 
differs but little from the old forms of magneto- 
electric, or electro-magnetic machines. 

As good illustrated descriptions are plentiful, 
one need not go over that ground, and may 
assume a familiarity with the ordinary principles 
of inductive machines. | 

In the old Clark machine, the neutral points, 
where the direction of induced current changes, 
are theoretically at the poles. In the Gramme 


ring, that change takes place theoretically at 
right angles tq the poles; and to understand how 
and why this is will involve a mastery of the 
subject. 

In all cases, we will suppose motion to the 
right, in the upper half; and therefore to the left, 
in the lower portion. 


In the old machines, an ordinary electro-magnet 
passing from the neutral point A would have a 
current induced by diminished northness, and 
continuing towards B, the same direction of 


current, as due to increasing southness; and. 


oppositely on the lower half; whereas in the 
Gramme, increased northness on the left gives one 
current, which has a maximumat A, and decreas- 
ing north iess (on the right) gives the same current, 
which dwindles to nothing at the midway neutral 
point, where a few coils are sacrificed, and the © 
current is taken off. From this point, an opposite 
current is set up in the coils, with a maxim'm at 
B, and dying out at the opposite side. 3 
_ Here, then, is a double paradox for explanation. 
1. How is it that two opposite currents can be 
taken off at onepole? 2. Howis it that increasing 
northness and decreasing northness both give one 
direction of induced current. | 
Estimating the separate coils, we might say 
that in the upper half they give + or copper 
currents, while those in the lower half give — or 
zinc currents; but as a copper current in one 
direction, and a zinc current in the opposite, are 
re different expressions for the same thing, so it 
will be seen that all through, direction of motion, 
with character of winding, will explain all. | 
Whether we speak of the upper and lower arrows 
as indicating + and — currents, or not, is quite 
immaterial, so that we understand what really 
subsists ; and if we label the ends of all the coils 
a and b consecutively, it is evident that at the zinc 
pole (right hand side) we are drawing off current 
in the upper half, from the b ends, and in the 


lower half, from the opposite or a ends. 


It is also evident that a (so-called) + current, 
moving to the right, in the upper half, must 
involve a + pole or potential at the left hand side, 
and a negative potential at the right; also that a 
(so-called) — current in the lower half would 
involve the same potential at the two ends. 

Thus we see that the ordinary explanation of | 
the two halves, being like two batteries joined up 


for quantity, is right only in thz effect produced. 
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Fig 2. 


In that case we have currents, plates, &c., &c., 
in both alike, whereas in the Gramme we have 
opposite motion, opposite current, and virtually an 
opposite character of winding. 

The same peculiarities will explain the second 
point of paradox. | 

In the ordinary machines the magnet A has an 
end-to-end motion; but in the Gramme the coils 
have a transverse position, in passing the motor 
poles; hence we must ever bear in mind that the 
two things involve a different category of influ- 
ence. 

A in passing from c to d gives one current, 
from d to e and f the opposite. 

B moved from c to d gives one current; from d 
to e the same current, and e to f the opposite 
current. 

For those who like experimental demonstra- 
tions, it may be well to follow the tedious experi- 


ments of M. Gaugain, or, better still, to provide a - 


bar magnet and sliding coil, &c., &c.; but it is 
unquestionably best to have such a clear grasp of 


these relations, as to see beforehand that the 


known results should and do take place. 

To such there is no paradox in these opposite 
effects from the same causes, because they are 
ever associated with opposite motions, or virtu- 
ally opposite windings; and the proof is so plain 
as not even to require experiments. _ | 

Increasing northness gives one current c to d. 
Decreasing northness gives the same current d to 
e, and so it should; because the winding is 
virtually opposite. 

Increasing northness (with the b end of the coil 
towards N), whether on the right hand or the left, 

or however varied, can only produce one simple 
~ current of induction in one direction; but in the 
Gramme, if the b end of the coil is towards N in 
c - d, the opposite will result in d - e. 

Whether the motion be on the right or the left 
is as nothing provided the conditions are similar ; 
and if this be clearly understood, the whole 
paradox vanishes, and all becomes clear and 
simple. 

As to the continuous character of the current, 
the soft iron ring changes polarity twice in every 
revolution, and the consequent fri-tic.. of atoms 
developes heat, precisely as in all other arrange- 
ments; and assuming 54 coils, then the electro- 
motive force at any moment is a mean of about 
25 potentials ; the midway coils having a maximum 
force, and the others dwindling to zero at both 
sides. | 

The motor-poles of a Gramme machine may be 
either permanent magnets or electro-magnets ; 
but the principle of using soft iron, and getting 
all the power from mechanical motion, is no 
essential part of the Gramme. | 


its. 


WE have pleasure in informing our readers that 
a photographic portrait of Sir William Thomson is 


_ in course of preparation for the TELEGRAPHIC 


JournaL, and will appear, along with a biogra- 
phical sketch of the eminent physicist, in our next: 
number. pe 


It is a well-known fact that muscles contract _ 
under the influence of electricity, and it is long | 
since experiments were first made in the stimula- 
tion of dead bodies by this means. Some curious 
phenomena have been obtained in this way. 
Recently, Dr. Kappeler, of the hospital of Miin- 
sterlingen, has added some new observations on 
the subject. He subjected twenty corpses to the 
action of various electric currents, and noted the 
rate of disappearance of the electr ¢-muscular 
contractility. In persons emaciated by 'o1g chronic 
maladies, this disappeared much more rapidly 
than in robust individuals, or those who had had 
acute maladies. It disappeared five quarters of 
an hour after death, at the quickest, and six-and- 
a-half hours at the slowest. It is in cases where 
a rise of temperature is observed after death 
(which are not extremely rare), that the electric 


contractility persists longest. The importance cf 


this sign of death is evident if we reflect that the 
contractions under electricity continue intact so 
long as there remains the least life. In the most 
prolonged faints, in the deepest lethargies, in all 
the varieties of apparent death, poisonings by 
carbonic oxide, chloroform, or narcotic substances, 
this valuable sign can be had at will, so long: as 
real death is not a fait accompli. The fact of 
death, too, can be thus ascertained without the 
necessity of awaiting other certain signs of death. 
Some interesting cases in this connection are: 
related by Dr. Kappelerin his paper, which appears 
in the Bibliothèque Universelle for November. 


According to the recent report of the Western 
Union Telegraph Company, the central office in 
New York has during the past year been con- 
nected with the branch offices at No. 14, Broad- 
street, No. 134, Pearl-street, and the Cotton 
Exchange by pneumatic tubes, The tubes are 


{ 
| 
a 
Ô 3 | 
} 
A 
| 
| 
| 
4 
. 
“ 
#; 
% 


— 


324 


THE TELEGRAPHIC JOURNAL 


| [DECEMBER 15, 1876 


LES 


made of brass, each 2} inches internal diameter | 


and 3 of an inch thick, and are laid under the 
pavements in the streets at a depth of three feet. 
Messages are sent from the central office to the 
several branch offices by compressed air, and 
from the branch offices to the central office by 
atmospheric pressure or vacuum. The motive 
power is furnished by a 50-horse power duplex 
engine, situated in the basement of the central 
office, which operates two double-acting air-pumps 
communicating with the compressed and vacuum 
mains terminating in the operating-room. ‘These 
are connected to the tubes extending under the 
streets by means of double sluice valves, which 


_ are so constructed that carriers containing mes- 
sages may be sent through the tubes in either 


direction by turning a cock connected with the 
compressed or exhaust air-mains. With the 
usual pressure employed—6 lbs. to the square 
inch—the time occupied in transmitting a box or 
carrier containing messages between the central 
office, corner of Broadway and Dey-street, to 
the office at No. 14, Broad-street (700 yards) is 
about forty seconds ; and between the central office 
and the offices at No. 134, Pearl-street and the 
Cotton Exchange (900 and 1,100 yards) about one 
minute and five seconds and one minute and 
twenty seconds respectively. The operation of 
the pneumatic tubes is very satisfactory, resulting 
in a material saving of both time and money. 
The total cost of the system is less than 30,000 
dollars, and about one-half of the outlay will be 
saved annually, to say nothing of the saving in 
time, by the decreased cost of performing the 
service by pneumatic tubes between these sta- 
tions as compared with the former cost by wire. 
There are several offices in the city where the 


traffic is large enough to warrant their connection 


by pneumatic tubes with the central office, and it 


is probable that the system will be extended to © 


some of them after its vaiue has been more fully 


-ascertained. 


The Paris correspondent of the Standard says 
some inventor has found out a means of sending 
portraits by telegraph... The modus operandi has 


not yet been disclosed, but experiments have been 


made by the police authorities of Paris and Lyons, 
and, it is said, with complete success. ‘The por- 
trait of a Lyons official was forwarded from Paris 
by the new telegraphic apparatus, and at once 
recognised. In return, the Lyons police tele- 
graphed to Paris the portrait, accompanied by 
the usual description, of a clerk who had just 
absconded with his master’s money, and the Paris 
police were enabled, thanks to the telegraphic 


portrait, to arrest the thief on his alighting from 
the train at the Lyons railway station. Various 


other applications of this invention will suggest 
themselves. 


On the evening of the 7th inst. Dr. W. B. 
Carpenter lectured at the London Institution on 
‘*Mesmerism, Odylism, Table-turning, and Spir- 


_tualism, considered historically and scientifically.” 


Among other things he referred to Dr. Braid’s 
experiment with the man who saw flames coming 
from a magnet in the dark, on the existence of 
flames being suggested to him. The magnet was 
then secretly shut up in a box, but he still saw 
the flames where they had been before. Lord 
Lindsay took Mr. Home into his library, and Mr. 
Home saw flames coming out of a,magnet in the 
corner. There were many ways in which he 
might have ascertained before that the magnet 
was there, and the true way to perform the 
experiment was to have, not a natural magnet, but 
a bar magnetised at irregular intervals electrically 
by an operator in another room, so that count 


| being taken of the times when Mr. Home said he 


saw flames, and of the times when the bar was 
magnetised by the current, it might be seen 
whether or not they corresponded. 


It appears that great difficulties were recently 
raised by the Servian authorities in the way of 
despatching telegrams from Belgrade relating to 
war movements. The consequence was a loss of 
many hundreds of pounds to the Servian Govern- 
ment, but a great gain to journalism and the 
public. The correspondents had to go and tele- 
graph from Semlin, in the Austro-Hungarian 
dominions, reached by steamer from Belgrade in 
a quarter of an hour. This is a very small town, 


but its telegraph office is of European reputation. — 


Never in any instance did it fail to meet the large 
call made on it. Every evening for nearly five 
months it had to deal with telegrams written in 
the English, French, German, Italian, Russian, 
Polish, and Servish languages, and the rapidity 
and accuracy with which those messages were 
transmitted was simply marvellous. There was 
not an operator in the office who understood a 
word of English, and yet the account of the battle 
of Alexinatz, which appeared in the Times of Sept. 
4, and occupied nearly four columns, was trans- 
mitted from Semlin without the mistake of a 
single word. Long telegrams handed in at the 
Semlin office so late as eleven o’clock at night, 
were received by the Vienna correspondent of the 
Times before midnight, and by means of special 
wires of that paper from Vienna to Paris, and 


| from Paris to London, reached the Times office in 
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time for publication in the earliest editions of the | 


following morning. Great credit is due to the 
administration of the Austro-Hungarian Tele- 
graph Department and to the Semlin officials for 
such excellent arrangements and work. 


The monthly abstract of the Eastern Telegraph 
Company shows that the average rate of trans- 
mission, in November, of messages from Calcutta 


to London, was 37 minutes; from Bombay, 25 


minutes; and from all other Indian places, 47 
minutes. 


A conversazione of the Society of Telegraph 


Engineers is to be held at Willis’s Rooms on 


Monday, the 18th inst. 


An electric governor for marine engines was 
recently described by M. Lawerence Hill before 
the Stottish Institution of Engineers and Ship- 
builders. In this apparatus, whenever the water 
leaves the screw more than is safe, and before the 


engine can increase in velocity, the magnet shuts’ 


the throttle-valve ; and again, whenever the screw 
is covered afresh with water, the steam is quite 
as promptly let on. The contact making part of 
the apparatus is fixed to the outside plating of the 


vessel, and a small button rests on a diaphragm 


on which the water of the sea impinges. A 


- 23-inch hole is bored at the stern near the screw, 


and over it this part of the apparatus is fitted, 


_which, according to the height of the water above 
the orifice, cuts off or sets on the electric current. 


This current magnetises the magnet which is 


carried on the crank shaft, one arm being con- 


nected with the throttle-valve. So long as no 
current is passing, the magnet is kept back, and 
the valve open by means of a weight; but when- 
ever it begins to pass, the poles of the magnet 
instantly adhere to the revolving shaft, and 
the magnet is carried round. for, say, one- 
eighth of a revolution, when it is brought up by 
means of a stop. The valve is shut so long as it 
is kept to the stop, but when the contact is 
broken, by the water again covering the screw, 
the magnet instantly falls back to its first posi- 
tion, and opens the valve. In the first machines 
it was found that the residuary magnetism 
occasionally prevented the magnet from freeing 
itself, and thereby delayed the letting on of the 
steam. This is now remedied by reversing the 
current. A single Leclanché cell is now quite 
sufficient. | 


One of the most remarkable feats in telegraphy 
ever performed, says an Albany paper, was executed 
in the Albany and New York offices a short time 


since. 
statement, embracing five columns of figures with 
the usual preceding}column of reading, headings, 
dash lines, footing, &c., to the Associated Press 
of New York, from this city. We think this feat 
was never attempted before. The chief operator 


securing the co-operation of the chief in New 


York, and selecting their most experienced tele- 
graphers, made the effort and accomplished it 
perfectly. On reaching the footings the ope- 
rator in New York said he could give them as 
well as Albany, and running up the columns he 
had received, sent them correctly. 


In a supplementary number of the Philosophical 
Magazine for December, Mr. R. Sabine describes 
some curious observations on electricity dis- 
engaged between mercury surfaces; and on the 
motions produced in mercury by deoxidation. He 
concludes from his experiments (1), that the elec- 
tricity disengaged between pure mercury surfaces 
(when not hydrogenised) is due to different states 
of oxidation; (2) that the motions observed to 
take place in mercury electrodes under water (or 
dilute sulphuric acid), are due to the displacement 
of the surface corresponding to the different atomic 
volumes of the metal and its suboxide (or suboxide 


and sulphate); (3) that the pumping action of a 


column of mercury in a tube or narrow channel is 
due to rapid circulation caused by such displace- 
ment; (4) that these motions are not due to change 
of either constant of capillarity or adhesion; and, 
finally, (5) that we may give a negative answer to 
Draper’s question—viz., Is capillary attraction an 
electrical phenomenon? (Inthe same number will 


be found a paper by Mr. Lodge, “On a Mechanical 


Illustration of Thermo-Electric Phenomena.’’) 


An important work, entitled, ‘€ Tyaité d'Elec- 
tricité Statique,” by Prof. Mascart, of the College 
of France, has been recently published in Paris. 


In the first of the two volumes, M. Mascart 


studies the laws of electric actions, the laws and 
phenomena of electric loss and distribution, the 
theory of electrical phenomena and its applica- 
tions, and instruments of observation and mea- 
surement. This last, and a chapter on electric 
influence and consideration are specially valuable. 
The second volume treats of electric discharges 
(conductive and disruptive discharges), experi- 
ments in electricity, and properties of the spark. 
There is, further, an interesting chapter on electric 
machines, and the last and principal chapter in 
the work is devoted to the “Sources of Elec- 
tricity.” M. Mascart, like most modern physicists, 


adopts the theory of contact, and from a com- 


| prehensive resumé of the phenomena he endeavours 


It was the transmission of a tabulated — 
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to show, that not only has this theory the 
advantage of being the simplest, but that it alone 
can give in all cases an explanation ofthe electrical 
phenomenon produced. (The work is published 
at the Librairie G. Masson, in Paris.) 

The Oriental and American Telegram Company, 
Limited, have recently purchased Flamant’s old- 
established North American Telegram Agency, 
and this branch of the business, which it is 
intended greatly to extend, will be conducted 
under the immediate superintendence of Mr. 
Flamant, whose services have also been secured 
by arrangement. | | 

The Indo-European Telegraph Company state 
that the cable between Singapore and Java is 
restored, thus re-establishing direct telegraphic 
communication with Java, Australia, and New 
Zealand, vid Teheran. Telegrams must be marked 
‘vid Indo.”’. 
_ Greville’s Australian Telegram Company state 

that the cable to Australia is quite restored, and 
that messages can be sent through them direct, 
marked ‘vid Greville’s Australian Telegram 
Company.” 
TRAFFIC RECEIPTS. 
West Coast of America Telegraph Company, 


for four weeks ending 23rd September, 1876, | 


£25432 
Cuba Submarine Telegraph Company, for 


| November, estimated production, £1,600, against | 


£2,353 in November, 1875. The traffic receipts 
of September realised £2,029. 

Direct Spanish Telegraph Company, for Novem- 
ber, £729, against £1,697 in November, 1875. 

Eastern Telegraph Company, for November, 
£35,485, against £30,478 in November, 1875. 

Eastern Extension Australasia and China Tele- 
graph, for November, £24,611, against £13,501 in 
November, 1875. 

Great Northern Telegraph Company, for Novem- 


_ ber, 410,177 francs, against 270,844 francs in 


November, 1875. 


Direct United States Cable Company, for week 
ending 2nd December, £3,550; 9th December, 
£3,850. 

Anglo-American Telegraph Company, Decem- 
ber 4th, £1,300; 5th, £1,600; 6th, £1,700; 7th, 
£1,920; 8th, £1,820; gth, £1,700; roth, £470. 

Western and Brazilian Telegraph Company, for 
November, £10,856, against £9,860 in November, 
1875. 


Aroceedings of Societies, 


PHYSICAL SOCIETY—2xD DECEMBER, 1876. 
| Prof. G. C. FosTER, President, in the chair. 
THE following candidate was elected a member of the 
Society :—G. Waldemar von Tunzelmann. 
M. JANSSEN made a brief communication, in French, 
with reference to a method which he has proposed to 


the Académie des Sciences for ascertaining whether 


planets really exist between Mercury and the Sun. 


After mentioning the importance of photography from 
an astronomical point of view, he explained his reasons 


_ for hoping that a series of solar photographs, taken 


regularly at intervals of about two hours, at a number 
of places on the earth’s surface, would enable us to 
determine this question, which is now agitating the 
scientific world, since any spots which crossed the 
sun’s disc would be at once registered. As it is 
necessary that such observations be made at several 
places, and in several countries, M. Janssen hopes 
that other countries besides France will ere long 
arrange to have such a series of observations taken, 
and he considers that in a few years the circumsolar 
regions would thus be explored with a certainty which 
could not possibly be -attained by any other method. 
He exhibited some of the original photographs taken 
in Japan of the transit of Venus, and explained the . 
advantage of placing a grating in the focus of the 
camera in order to eliminate distortion. , 
Mr. CROOKES showed the spectrum of a small 
specimen of chloride of gallium, which he- had re- 
ceived from its discoverer, M. Lecocq de Boisbaudran. 
The discovery of this metal is of peculiar interest, as 
M. Mendeleeff had previously, from theoretical con- 
siderations, asserted it to exist, and had also correctly 
given some of its chemical and physical properties. 
The most prominent line in the spectrum was a bright 


line in the blue, somewhat more refrangible than that 


of indium. | 

Mr. LopcE briefly described a model which he has 
designed to illustrate flow of electricity, &c., which is 
fully explained in a paper in the Philosophical 


_ Magazine for November, and he showed how similar 


considerations can be applied in the cases of thermo- 
electric currents. The model in its simplest form 
consists of an endless cord passing over four pulleys, 
and on one side of the square thus formed it passes 
through a series of buttons held in their positions by 
rigid rods or elastic strings, according as they represent 
layers of a conducting or non-conducting substance. 
When considered in connection with thermo-electricity, 
the buttons are assumed to oscillate on the cord, and 
if they move in one direction with greater velocity 
than in the other, the cord will tend to move in the 
former direction. Now, at a junction of copper 


‘and iron, since the metals have different atomic. 


weights, and their kinetic energies are equal, the 
velocities must differ on each side of the junction, 
and an unsymmetrical oscillation of the molecules 
must ensue, analogous to that assumed by Mr. Stoney 
to take place in Crookes’ radiometer, and the cord, or 
electric current, will advance when two junctions are 
at different temperatures. Mr. Lodge showed experi- 
mentally that for a given difference of temperature the 
maximum thermo-electric current is obtained when one 


of the junctions is at 280° C, and beyond this point 


the amount of deflection decreases. This fact led 
Sir W. Thomson to discover the convection of heat 
by electricity ; that is, if we have a circuit composed 
of copper and iron, and one of the junctions be 
at the above temperature, the current in passing from 
hot to cold in the iron, or from cold to hot in the copper, 
absorbs heat. This fact was experimentally illustrated 
by Mr. Lodge. A strip of tin plate is symmetri- 
cally bent, so as to nearly touch the two faces of a 
thermopile, and is heated at the bend by steam passing 
through a brass tube on one side (not end) of the 
thermopile, and kept cold by a current of water on the 
other side. As the arrangement is symmetrical, no 
current is found to pass through the thermopile, but 
when a powerful voltaic current passes through the 
strip of metal, a distinct deflection of the needle is 


observed in accordance with the above law. 
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Glectricnl Science in Foreign Journals. 


CompTes RENDUS OF PARIS ACADEMY. 
No. 21: 20TH NOVEMBER, 1876. 


New Researches on the Chemical Phenomena produced 

by Electricity of Tension. By M. BERTHELOT. 
HE examined the relations between these reactions 
and the sign or the tension of the electricity. A 
sort of Leyden jar (tube with two armatures, her- 
metically sealed at a lamp) had its own interior 
armature charged by means of a platinum wire 
with positive electricity in the form of sparks from 
a Holtz machine; its exterior armature connected 
with that of a like tube, whose interior was simi- 
larly charged with negative electricity. With 
oxygen in the tubes, ozone is formed under 
influence of both electricities. In action for six 
hours, the two electricities gave similar effects, 
tending to the limit of 8 to 8°5 hundredths (in 
ozone) of the original oxygen. If arsenious acid 
be previously added to destroy the ozone, more 
oxygen is transformed in a given time. With 
sparks 1 ctm. long and a condenser, 5 to 6 per 
cent. of ozone will be had in six hours; with 
sparks (though more numerous) 3mm. long, not 
more than one to two-thousandths of ozone. The 
proportion of ozone always decreases more quickly 
than the length of the spark. In no case of influ- 
ence-experiments with the Holtz machine was the 
least trace of nitrous compounds observed, in oper- 
ating with nitrogen and oxygen, dry or moist. 
But acetylene appears in notable quantity in the 
vapours of organic compounds, enclosed with 
nitrogen. With both electricities, having strong 
tension, ether furnishes much acetylene, benzine 
less. The absorption of nitrogen by organic com- 
‘pounds occurs equally under influence of both 
electricities, and as distinctly with the weakest as 
with the strongest tensions, but in a longer time. 
In such cases there is formed neither ammonia, 
nor nitric, nitrous, or cyanhydric acid. With very 
weak tensions, the fixation of nitrogen with paper 
was especially abundant, less with ether, and still 
less with benzine. The author is further study- 
ing the influence of the incessant variations and 
sudden alterations in the electric tension. 


Organisation of a new Meteorological Observatory on 
Monte Cavo; Meteorological Observations in the 
Neighbourhood of.Rome. By P. SEccuHi. 


This is the ancient Mons Albanus; it is 953m. 
above the sea level. The instruments are kept in 
a monastery: they are a Fortin barometer, a ther- 
mometer, psychrometer, thermometrograph (max- 
imum and minimum), pluviometer, and weather- 
cock; an anemometrograph is shortly to be added. 


On the Phenomenon of the Black Dros. By M. 
ANDRE. 


In the mechanism for producing an artificial 
transit, one of the poles of a battery communi- 
cates with the planet Venus, the other with the 
sun’s limb. At the moment of contact, a current 
flows, and is registered on a Breguet chronograph. 
On this is also inscribed parallely the hour as 
given by a Winnerl pendulum, and the mark, 
when the observer presses down a Morse key, on 


Experiments on the Pneumogastric and on Nerves 


supposed to be Inhibitory. By M. ONIMUS. | 

EXCITATION of the pneumogastric with induced 
currents, for a few seconds, is known to stop the 
heart. Hence an inhibitory function has been 
attributed to this nerve. . But M. Onimus shows 
that if the rate of succession of the excitations be 
reduced low enough, the induced current will 
actually provoke contraction. ‘Thus, if an animal 
be poisoned with curare, so that the heart-beats 
have comé to be only 40 or 50 a minute, one may, 
with an induced current produced each second, 
and applied to the pneumogastric or the heart, 
excite exactly 60 heart-beats in a minute. Ac- 
cordingly, these supposed inhibitory nerves of 
vegetative life are brought under the general laws 
of action of all nerve-fibres; the phenomena of 
stoppage only occurring when the excitations 
become too numerous and too rapid. 


On some Peculiarities of Lightning. 

RENOU. 
HE describes—r. A case of beaded lightning which 
he witnessed in 1859. 2. Purple or violet 
flashes of the tint of electricity traversing air 
rarefied to 3 or 4mm. of mercury. These dis- 
charges were probably at 25,000 to 30,000 metres 
altitude. 3. Lightning, without thunder being 
heard. This may occur directly overhead. 4. An 
observation regarding the distance at which thun- 
der may be heard. He heard it one quiet evening 
at 40 kilometres distance. 


By M. 


No. 22: 27TH NOVEMBER. 
On Crystals ef Magnetic Oxide of Iron formed during 
the Roasting of a Spathic Ore. By M. Bous: 
SINGAULT. 


On a Remarkable Fall of Hail, observed at Gutta-. 


Ferrata. By P. SEccHI. 


THE hailstones were formed of groups of crystals — 


five or six sided, with pyramidal ends, round an 
irregular mass of ice. ‘The groups weighed 40 to 
60 grammes; certain blocks 300 grammes. The 


cloud was like a huge ball of cotton or wool moving . 


from N.W. to S.E. It showed a whirling move- 
ment, and gave out a dull crackling noise, like that 
from collision of hard bodies. There were 


continuous and intense electric discharges in the 


heart of it. P. Secchi considers that in general 
electricity is not the cause, but the effect, of hail. 


On a New Electric Repulsion and tts Application to 
the Theory of Comets. By MM. REITLINGER and 
M. URBANITZKY.—See p. 313. 


‘On the Portative Force of Horse-shoe Iron -Magnets. 


By M. VAN DER WILLIGEN. 
To saturate his magnets, he places them verti- 
cally with their poles on a Ruhmkorff coil, whose 
circuit he opens and closes three or four times 
successively. After the first opening, he slides 
the magnet carefully towards the edges of the 
polar planes of the electro-magnet. Then he 
places the well-cleaned support before this mag- 
net, inclining the latter slowly, while its poles 
are still in contact with those of the electro- 
magnet. Immediately the support has joined the 
magnet, this can be raised without effort; its 
portative force is then nearly a third greater 


| than the ordinary permanent portative force of M, 
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von Wetteren’s best magnets. This state of 
supersaturation forms the starting point of his 
memoir. His empirical formulæ adapted to differ- 
ence of form, are 


| 
P = AO (I) 
V's 
b = B.O w, \V/—.— (I) 
| Ws 


in which A and B are co-efficients to be deter- 
mined by experiment, O and s are the circumfer- 
ence and the surface of the polar faces; and L 
and / are the length and the reduced length of 
the magnet. Experiments with thirty-six magnets, 
simple and compound, rendered it probable that 
(I) is the general empirical formula for the state 
of supersaturation, (II) is the general empirical 
formula for the state of permanence of simple 
magnets, while for them A = a For simple 

4 

| 

magnets is added (III) p = P ty '.. The free 
magnetism for the magnet closed and supersatu- 
rated is less than for the magnet closed and 
permanent; the free magnetism in the closed and 
permanent state is to the magnetism in the open 
state nearly as 3 to 10, a proportion becoming 


more and more constant as the magnet ap- 


proaches a definitive permanence, through suc- 
cessive detachments of the support. 


_ Explanation of Actions at a Distance; Gravitation; 


q 


Electric Actions. By M. Picarr. 
ALL action at a distance can be explained by 
matter ard motion. 
rial molecules, grouped together by their mutual 
attractions to form bodies, condense etheric atoms 
round them, forming atmospheres more or less 
dense. The increase or diminution of the density 
and elastic force of these atmospheres constitutes 
the positive or negative electric state of the body. 
Between these atmospheres and the material 
molecules at a distance, there must be a gravitation 


= similar to that of two material molecules ; between 


two condensed atmospheres of ether there must be 
a repulsive action, arising from the necessary 
increase of velocity of the atoms moving in the two 
directions from one atmosphere to the other, and 
which produce in each, on the side they strike 
against, an increase of pressure tending to separ- 
ate the two, and proportional to the inverse of the 
square of their distance. 


CARL’S REPERTORIUM FUR EXPERIMENTAL PHYSIK, 
XII. BAND. 5 HEFT. 
On the Curve of Tension of Saturated Water. 
Dr. OSCAR FABIAN. 
Tus name is given by Prof. Zenner to the curve 
representing the connection between pressure and 


By 


“melting temperature. Dr. Fabian shows the rise of 


temperature of a mixture of ice and water under 
the recipient of an air-pump, by means of a deli- 
cate thermo-electric arrangement. . One vessel (A) 
connected with an air-pump, and half filled with 
ice and. water, is placed in an open vessel 
(B) containing the same mixture. In the side of 


In electric actions, the mate- 


the interior vessel is fixed a thermo-electric 
battery the wires of which proceed to a galvano- 
meter. When the air is rarefied in A, the quantity 
of ice increases, while that of water diminishes ; 
the liberated heat of freezing raises the tempera- 
ture of the mixture; hence the inner surface of the 
pile is heated and a deflection produced in the 
galvanometer. Several other experiments are 
described. | 
Monthly Average of the Magnetic Declination and 
Horizontal Intensity observed at the Observatory of 
Prague in the Year 1875. 


On the Magnetism of Soft Iron Cylinders, with an 
Appendix on the Magnetism of Steels of Different 
Hardness. By Dr. CuristopH Rutus.—(An 
abstract). 


» = 


ELECTRIC REPEATERS FOR RAILWAY 
SIGNALS." | 
BY W. LANGDON, M.S.T.E. 


Ix order that signalmen and others may accurately 
know the condition of the signals worked by them 
for the control of the traffic on railways, it would 


. appear that one of two courses is needed. Either 
the signals themselves shall be of such a nature 


as to be beyond the influence of the elements, or 
some means must be adopted by which the state 
of the signal—whether it be the arm or disc by 
day or the light by night—may be known to the 
man who is responsible for its working. 

The question of altering the form of signals 
throughout any line of railway must be dismissed : 
it would be an expensive and troublesome matter, 


. while it at the same time remains to be shown 


that a system could be devised which would 
prove independent of wind and weather. The 


present system is that which would recommend 
itself to every practical mind, although it cannot 


be denied that its working may be more or less 
affected by every change of temperature. The 
expansion and contraction of the wire working 
the signal under the varying influence of the 
temperature may often be such that although the 
lever in the signalman’s box is moved into its 


proper position, the arin at the distant signal 


refuses to obey it. The signalman remains in 
ignorance of the fact, and disastrous consequences: 
ensue. But let a signal work ever so badly, means 
may be taken to guard against its inoperation 
proving a source of danger, provided only its 
condition is made known to the signalman.. This 
desirable end is attained by means of the Electric 
Repeater. 

There are two forms of electric repeater—that 


for the arm or disc, and that for the light. The 


arm-repeater was introduced by Mr. W. H. 
Preece, who recognised the necessity for it, in 
1865 temporarily applied one of his semaphore 
block-signal instruments to a distant signal near 
London. A combined arm and light instrument, 
the joint invention of Mr. Preece and Mr. Warwick, 
followed shortly afterwards. Instruments of this 
description are now in use on various railways, 
but their introduction has been neither so rapid 


* A paper read before the Society of Telegraph Engineers 
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nor so great as recent circumstances plainly 
indicate to be necessary. 

Passing by the mechanical and electrical 
arrangements requisite for an electric repeater 
(described fully by the author) the greatest princi- 
ple resolves itself under the following heads :— 

1. The necessity for the employment of such 
repeaters. 

2. To what signals they should be applied. 

3. The nature of the indication. 

4. The point of connection with the signal. 

5. Form-of instruments or indication. 

6. Electrical principles. | 

As regards the necessity for the employment of 
electric repeaters, the accident at Abbots Ripton 
forms perhaps the most powerful argument that 
could possibly be adduced in favour of their 
adoption. A snowstorm hid the signals on that 
occasion from the signalman’s view; it prevented 
the signals from working efficiently, and an acci- 
dent was the natural result. Had the signalman 
known that the signal did not obey the lever and 
rise to “‘ danger,” he could have taken such steps 
as would have prevented the accident. He had 
by him his flags, his lamp, and his fog-signals ; 
but in the full belief that the signals had responded 
to the lever, he used none of them. | 

Further, the employment of electric-repeaters 
is a good disciplinarian. The regularity in the 
character of the signals which would otherwise be 
absent is attended with the most beneficial results, 
and the warning given by the repeater of the 
working of the wire prevents the state of the 
signals from being anything else than what it 
ought to be. 

Admitting, then, the necessity of employing 
electric-repeaters, the question arises, ‘‘To what 
signal should they be applied?” The immediate 
reply is, that their chief value lies in their applica- 
tion to the distant signal. But it is an open 
question whether starting or home-signals, when 
worked some little way off from the signal-box, 
should not in like manner be repeated back to it. 
Take the working of a railway in a dense fog—the 
most adverse condition, perhaps, in which railway 
traffic can be carried on. The importance of the 
due action of every signal cannot be over-estimated, 
and it becomes, to say the least, a most desirable 
thing that on such an occasion the signalman 
should have accurate information of the state of 
every signal under his command. It would doubt- 
less be a wise policy to have every signal which 
is liable to be in any way obscured from the 
signalman’s view repeated back to him. | 

Diversity of opinion exists as to the nature of 
the indications which should be given. Some are 
of opinion that the repeaters should simply show, 
when the signal is at “danger,” others that it 
should indicate both ‘on’ and ‘off,’ whilst 
many will be found to affirm that not only should 
three positions ‘‘ danger,” ‘‘ caution,” and *‘ clear ” 
be made known, but the intermediate positions as 
well should be shown. In looking at this part of 
the subject, it would be well 'to bear in mind what 
is the real point of danger. It clearly is that 
when a signal which is intended to be at “‘ danger,” 
and which so far as the means of working it are 
concerned has been put to ‘ danger,” does not 
stand at danger but shows the line ‘‘all clear.” 


It is then that the signalman should be made 
aware of the fact that his signal is not on; if it 
does not stand at ‘‘ off”’ when it ought to be off, but 
still remains on, no positive danger will arise. 
An approaching train in such a case as this 
would, finding the distant signal at danger, aftera 
time draw slowly on to the home-signal, and 
seeing it at ‘‘ all clear’ would proceed on its way, 
the driver indicating to the signalman that the 
distant signal was at danger and required looking 
to. A system of this description would require 
only one wire for its operation, and the battery 
would be at work only during the time that the 
signal is at ‘ danger.” To show when the signal 
is “on” and “off,” or to show when it is at 
danger,” ‘‘caution,”’.and ‘ clear,” necessitates 
the employment of two wires or fixing the battery 
at the signal post where it.may become frozen in 
hard weather. | 

It is to those parts which constitute the actual 
signal, namely, the arm or disc by day, and the 
‘ spectacles’ by night, that the connection should 
be made. Hitherto no connection has been at- 


tempted with the ‘ spectacles ; the attachment 


has been made to the arm instead, or to some 
part of the rod or lever working the arm. Yet 
the connection ought undoubtedly to be made in 
such a manner that the action of one shall be made 
dependent on the action of the other—a result 
which might be attained at the expense of an 
additional pair of springs. It may be argued that 
if the lever has its due action, that of the arm is 
bound to follow; but the possibility of a bolt 
giving way, or the arm working loose in its socket 
should not be overlooked, and ought assuredly to 
be provided against. 

The form of instrument or indication may vary 
as much as that of the block instruments employed 
in railway signalling. Miniature semaphores, 
indicators, or pointers, small shields with the 
words ON and OFF brought to an aperture in the 
face of the instrument, are all employed. For the 
light similar arrangements are made use of, with 
the addition that in some a bell is set ringing soon 
after the lamp goes out, and continues to ring 
until the light isrestored. There is probably very 


little to choose from the individual fancies of each © 


engineer, although that system would seem to 
have an advantage in which a form of instrument 
is employed according with the out-of-door signal, 
and requiring merely a knowedge of its working 
to tell at once “danger” from “clear” or 
‘ caution.” | 

The electrical arrangement should be such as 
to be undemagnetisable, and free from the danger 
of having its indications reversed by any atmo- 
spheric causes. Its normal condition should be 
showing ‘all clear or caution;” its ‘“ danger ” 
signal should be produced by the action ofthe cur- 


rent. The reasons for this are well-nigh self: 


evident; for if the normal condition were that of 
‘* danger ” in place of ‘all clear,” any defect in 
the wire or apparatus would show the signal to be 
at ‘ danger” when it might not be in that posi- 
tion. Gravity, upon this principle, may be made 
to show the all-clear signal, and the action of the 
current the danger-signal. 

For the proper working of a system in which 
the electric-repeater is employed, every signalman 
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should be instructed that wherever a repeater is 
in use he must never assume that because it does 
not act the repeater is wrong; he must on the 
contrary conclude that it is his signal which is 
wrong, and not rest satisfied until he is perfectly 
assured to the contrary, 


SIMULTANEOUS IGNITION OF MINES.* 


To produce the maximum effect in removing ob- 
structions, and in other similar work, both civil and 
military, pertaining to the duties of the Corps of 


Engineers, it is often desirable to cause the simulta- 


neous explosion of many mines; or, sometimes, the 
simultaneous ignition of many fuses distributed 
throughout the charge of one large mine. In the 
resent state of science this will always be effected 
be electricity; and the form usually preferred will 
be the voltaic or magneto-electric current acting upon 
numerous low tension fuses. 
united either in series, 7.e., fuse connected to fuse in 
a single circuit, or in derived circuits, 2.e., each fuse 
so connected to both of the main lead wires, or in 
some combimation of these two methods; and the 
maximum number which it is possible to explode 
simultaneously by a given, battery or magneto-electric 
machine will vary according to the grouping adopted. 


GENERAL THEORY. 


I am not aware that any mathematical investigation 
has been made to determine the rules which should 
govern the engineer in arranging such groups; and 
as the matter is not without practical importance, in 
ordinary as well as in large blasts, I have analysed 
the problem with the following results. Let: 


E = the available electro-motive force in volts. 

R,= the corresponding internal resistance in ohms. 

C = the current in webers needful to fire one of 
the groups connected in series—all such 
groups being supposed equal in electrical re- 
sistance. 

L = the resistance in ohms of the main lead wires 
connecting the source of electricity with the 
groups. 

F = the resistance in ohms of each fuse at the in- 
stant- of explosion. This includes the in- 
creased resistance due to the heating of the 
fine wire bridge, and also the resistance of the 
needful local connections. 

_N = the total number of fuses which can be ex- 
ploded simultaneously. 

n = the number of fuses connected in series to 
form a single group. 

N 

— = the number of such groups connected in de- 
n  rived circuit. 


From well-known electrical laws, the following 
general equation for the blast can be stated—each 
member representing the total strength ot current 
necessary to cause the explosion: | 


N E 
(1) —C= 
n nF 
+ L + — 
N 
n 


* A Paper read by Bvt. Brig. Gen. Henry L. Abbot before the 
American National Academy of Sciences, April 18th, 1876. 


—-- 


Such fuses may be 


Solving this equation with respect to N, and finding 
its first differential co-efficient regarded as a function 
of n, we have: 


dN E—2FCn 


dn C (R1 + L) 


Placing the second member cqual to zero, and 
combining the resulting equation with eq. (1) we have 
for the conditions of the desired maximum: . 


E, 
@) N= 
4 F Co (Ri + L) 
E | 
2FC. 
N E 
(4) 


As a check upon the computation, the following 
value of C, derived from eq. (1), should be nearly 
the same as the assumed value. They probably will 
not be identical—since fuses and ee cannot be 


subdivided, and fractions in n or — must, therefore, 


be ignored : sige n 
N 
n 


It is evicent that these equations furnish a mathe- 
matical basis for a thorough practical discussion of the 
subject, for not only do they reveal the maximum 


number of simultaneous explosions which can be 


obtained with any particular generator of electricity, 
type or fuse, and kind of lead wire, but they also 
indicate the relative importance of the different 
constants, and hence point out the principles which 
should control the selection of apparatus and meterials 
for any. difficult blast. Of these constants, the 
numerical values of E and R, vary with the nature of 
the generator of electricity: those of F and C depend 
upon the construction of the fuse; while L is fixed by 
the conductivity and cross section of the metal selected 
for the main lead wires. 

The first glance at Eq. (2) shows that N increases 
directly with E, and inversely with C, F R; and L— 

I 


hence, as the squares of E and — enter the formula, : 


Ce 


particular attention must be given to making these 


quantities as large as possible. 

Again, a little consideration will. reveal the extreme 
importance of making L disappear in these equations. 
This can and always should be done, either by using 
rods so large as to offer no sensible resistance to the 
current, or by causing the several groups to diverge at 
the poles of the battery, and increasing F accordingly. 
In this case, Eq. (4) may be put under the form: 


N I E 


n 2C * 


Now, since E and R, are both directly proportional 
to the number of elements coupled in series, this 
equation reveals the curious fact that when all the 
cells of a voltaic battery are so coupled, the proper 
grouping of the fuses is quite independent of the 
number of cells; 2.e., the proper number of groups 
to be used in derived circuit is constant, no matter 
how many cells are coupled in series. Hence, so far 
as the number of groups is concerned, the relative 
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merit of different types of battery is in the direct 


ratio of the numerical values of the quotient — for a 
single element. R; 

But Eq. (3) shows that, with any type of battery, 
the number of fuses which can properly be placed in 
each group is directly proportional to the number of 
cells coupled in series; also, that the relative merit 
of different elements in this respect is directly pro- 
portional to their electro-motive force per cell. 

This analysis makes it clear that, in choosing a 
battery for a large blast, it is only necessary to con- 


sider the numerical value of the ratio — for a single 


| 1 
cell, the cost per cell (K), and the relative convenience 
(economy) of manipulation (M); that is, the figures 
a merit for any type of battery is proportional to 
a M 


R; K 


For example, suppose one type of battery (A) to 


have an electro-motive force of 2.0 volts, an internal 
resistance of 0.2 ohms, a cost of ten dollars per cell, and 
a relative economy of manipulation denoted by 5; 
and a second type (B) to have for these quantities 
respectively the values 1.0 volts, 0.5 ohms, one dollar 
and 3. Then, for relative merit: 7 


22 X 5 
- = 10. 
0.2 X 10,00 
Ig X 3 : 
Type — 6. 
| 0.5 X I.00 


That is, the more costly type would really be the 
more economical battery in the ratio of 10 to 6. 

Another point likely to suggest itself is, how any 
given number of cells ought to be divided in separate 


circuits; and coupled in each circuit, to secure the | 


best result. Although the statement may at first 
seem to be a little paradoxical, the matter is one 
simply of convenience. This is evident from a study 
of Eq. (2); for, when L is eliminated, as we have seen 
should always be done in practice, if we denote by x 
the number of cells coupled in series, and by y the 
number coupled in derived circuit, e and r, referring t 

a single cell: 


I X2 € I e, 
N = xX —— = —— x à: 
4C, F XT) 40 F T1 
y 


Hence no change in N can be caused by any variation 
in the arrangement of the cells, provided only that, 
xe 
as required by Eq. (3), ——— be never made less 
than C. Indeed, a little reflection will show that 
this must be the case, since by the theory of the 
method the fuses are always so grouped as to develop 
the maximum energy attainable from the elements; 
and, of course, no mere change of arrangement can 
generate or destroy energy. In practice, then, the 
number of cells to be coupled in series would be de- 
termined by the number of fuses which could most 
conveniently be united in single groups; while the 
number of cells to be coupled for quantity would de- 
pend upon the desired number of groups in each 
circuit. 
large blasts, the dividing of the battery into separate 


resistance. 


From these conditions, in the case of very 


circuits to be closed simultaneously, naturally re. 
sults. The general formulæ for these computations 
are the following, derived from Eq. (3) and Eq. (4): 


2FC 
x= n 


N 
—2Cxr, 
~ n 
N 


xe——2CL 
n 


As has aiready been repeatedly stated, the quantity 
L should be made to disappear by a judicious selec- 
tion and arrangement of the lead wires and connec- 
tions. If this be neglected, great loss of power will 
be unavoidable, as is apparent from the latter of 
these equations. Indeed, the chief reason for recog- 
nising this quantity in framing Eq. (1), was to ex- 
hibit clearly the importance of "king it zero. 

In choosing the fuse, the qu-ntities F and C are to 
be considered. The conditions to be fulfilled by the 
former are simple, since it is only necessary that it 
be as small as possible consistent with securing the 
minimum value for C; and this, aside from the 


choice of suitable local lead wires, is a matter only to 


be learned. by judicious experiment. 
C calls for more careful study. 

In the method I have devised for use at the School 
of Submarine Mining at Willet’s Point, in determin- 
ing the number of webers needful to explode a single 
low tension fuse of any particular type, the fuse and 
a standard Helmholtz-Gaugain galvanometer of low 
resistance are placed in the unknown side of a Kir. 
choff-Wheatstone bridge. The known side is a stand- 
ard ohm. The battery consists of three small Grove 


The quantity 


cells in good condition, and contact is made by the _ 


sliding piece upon the platinum-iridium wire which 
forms the two variable sides of the bridge. For bal- 
ancing, a Service Bradley galvanometer is employed, 
use being made of the coil having about an ohm 
In the main battery circuit is included a 
Wheatstone rheostat having a total resistance of about 
40 ohms, by which the current can easily be regu- 


lated. Three operators are needful—one to gradually 


increase the current, by unwinding the wire from the 
wooden to the brass cylinder of the Wheatstone rhe- 
ostat, until the fuse explodes; one to keep the bridge 
balanced by moving the solid contact piece on the 
wire, as the resistance of the fuse increases under 
the heating effect of the current; and one to read the 
Helmholtz-Gaugain galvanometer, which, since the 
Weber co-efficient has been accurately determined, 
makes known the current traversing the fuse at any 
instant. 

By this method the resistance of the fuse when 
cold, and at any subsequent temperature, may be 
noted exactly; while the corresponding current is 
accurately measured up to the instant of explosion. 

In this manner the constants of many different 
types of fuses have been experimentally determined. 

The following table exhibits the data for four of 
them, which will be designated as A, B, C and D, 
Type A consists of 4. inches of platinum Wire 0.0025 
inches in diameter; type B of .*. inches of platinum 
silver wire 0.0015 inches in diameter; type C of 3, 
inches of gold iron wire 0.0020 inches in diameter; 
and type D of ,4. inches of platinum silver wire 0.0015 
inches in diameter—all charged with a priming of 
fulminating mercury. 
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CONSTANTS OF SINGLE FUSES. 
Resistance in ohms. 
Types. Current in webers to 
effect explosion. - 
Cold. | ‘At explosion. | Diff. 

A. | 0.72 0.82 0.10. 0.45 
B. | 1.49 1.57 0.08 0.33 
CG. | 1.87 1.960 ‘| 0:09 0.34 
D. | 1.90 2.01 O.II 0.28 


The method of measurement just described gives 


accurately the current required to effect the explosion 


of a single fuse—but it is needful to observe that time 
enters as an element. For a single fuse this is not 
important, since the interval is exceedingly small; 
but when fuses connected in series are employed, it 
cannot be ignored. Experience shows that in this 
case, unless an excess of current be used, the most 
sensitive fuse explodes first, and by breaking the 
circuit saves its neighbours. . 


(To be continued.) 


ANSWERS TO QUERIES. 


EnocH ARDEN, Queensland. : 


1. There is no line of any length or consequence 
in England upon which the Wheatstone appara- 
‘tus is not used. There are 64 of them in use at 
the Central Station alone. : 

_2. They are in incessant use for all purposes, 
and convey probably three-fourths of the work 
done by the Post-Office. | 

3. The instrument is only a modification of the 
Morse, and is as certain to supersede the old 
‘torm of apparatus as a race-horse has superseded 
a donkey in running for the Derby. Where speed, 
accuracy, and economy are needed, the auto- 
matic system is a necessity of the age. 

4. The St. Petersburg Convention does not 
regard the form of keys in use, and the 
Wheatstone Automatic is only another species of 
_ key. 

nah 600 miles—but this is because there is no 
other longer. | | 

6. The ordinary wires are used. Induction is 
embarassing only when two wires run for a long 
distance side by side. In England this is avoided 
as much as possible. 

7. Circuits are worked with the Morse instru- 
ment independent of their length, and only when 
the work is light. As the work increases, the 
automatic system is introduced, and by this means 
the capacity of the wires is doubled and trebled 
according to distance. 

8. Wheatstone’s instruments are obtainable 
from the British Telegraph Manufactory, Euston- 
road, London. 

M. A. 


[For further information you had better apply to 
the executors of the late Sir Charles Wheatstone, 


| 


_it desirable to have a class of ‘‘ Instructors.”’ 


in whose hands, we believe, the patents of 
Automatic system are at present. If your 

_ application is made on behalf of telegraph 
administration, we have no doubt they will 
supply you with all the information you desire 
as to price, &c. Their address is Grosmont 
House, Hampton Wick. For an accouni of the 
Hicks and Milliken repeaters, see. Davis and 
Rae’s ‘* Handbook of Electrical Diagrams and 
Connections” (Haughton and Co., London).— 


A. Z.—The Telephone was invented by Reuss in 
1861. M. La Cour’s first experiment was suc- - 
cessfully made on 5th June, 1874. A distinction 
should be made between felephony and phono- 
telegraphy. B. 


QUERY. 
The Committee on Postal Telegraphs thought 
Is 
there any likelihood of such an appointment being 
created, and what is its probable status ? 


G. 


PATENTS. 


4270. J. C. and G. FuLLer.— Improvements. 
in galvanic elements.”—gth December. 
4278. S. RoBeRTs.—‘‘ Improvements in appa- 
ratus for manufacture of cast ‘flanged pipes, 
columns, telegraph posts, lamp pillars, and other 
cast hollow and solid flanged articles.”—oth 


- December. 


4289. J. SERPAUX.—‘ An improved electric 
pile.’ —1oth December. | 

4302. R. J. BLEWITT.—“ An improved method 
of coating iron and other metal with tin.”—rz1th 
December. | 


4311. À. in dynamo. 


and magneto-electric machines.”’—11th December. 
(A communication.) 

4326. J. H. ELLerBEcK.—‘* Improvements in 
the production of motive-power and in apparatus 
theretor.”—14th December. 

4342. E. P. ALEXANDER.—" Improvements in 
gas motive-power engines and in the means for 
regulating and transmitting their motion.” —15th 
December. (A communication.) 

4384. W. SMITH.—‘ Improvements in joining 
telegraph-wires.”’—17th December. 

4392. M. PRENTICE.—‘‘ Improvements in the 
construction of platinum vessels exposed to heat 
or strain.’ —18th December. 

4426. A. M. CLark.—‘* Improvements in and 
connected with autographic or copying tele- 
graphs.” (A communication.) 

4482. M. BrEenson.—‘ Improvements in tele- 


graph apparatus.”—24th December. (A com- 
munication.) 
4515. H. Improvements in the 


manufacture of metal-rollers for printing calico 
and other textile fabrics, part of which is applicable _ 
to the refining of copper.”—28th December. (A 
communication.) 
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The London and General CHater- Purifying Compan 
LIMLLEHL, | | 
_ PATENT CISTERN FILTERS CHARGED SOLELY WITH ANIMAL CHARCOAL. 
Requiring when once fixed, no attention whatever, 


And Superior to all others. Vide Professor Frankland’s Reports to the Registrar-General, 
hee. July, 1866; November, 1857 ; and May, 1870; the Lancet, January 12, 1867, and Testimonials 


CÉSAR a from Dr. Hassall, September 23, 1863; Dr. Letheby, February 15, 1865, and December, 1872. 


À 


RE Price £1 10s. and upwards. PORTABLE FILTERS on this System, £1 5s, to £3. 
ty: 89M Patronised and used by Her Majesty the Queen, at Osborne; by H.R.H. the Prince of Wales 


Mk at Sandringham; by H.R.H. the Duke of ambridge, the evite of the Medical Profession, and 
FM at the London, St. George’s, Fever, and German Hospitals, and various Lunatic Asylums 
| me | | - Institutions, Breweries, &c 


Pocket Filters, 4s, 8d. & 6s, each. Household & Fancy Filters, from 12s. 6d. 


WATER-TESTING APPARATUS, FOR WATER, 21s. each. Danchell’s 
; i ine the Presence of Impurities in Water,” is a most convenient and portable one.—Vide eon 

Testing Apparatus for Discovering, ti. the Duties of Health Officers. 

e for the Study Table or the Carpet Bag. It contdins the Chief Chemical Tests for Qualitative Water 


of use by medical and other men who may have occasion {0 ascertain in a ready manner whether any of the 


This is a very handy cas 


Analysis, and will be found 
Kei more actual impurities are present or not in water.—Vide the Medical Record, January 29, 1873. 


873 
157, STRAND, W.C. (four doors from Somerset House), LON DON. 
Read—"' Water: its Impurities and Purifications,” price, per post, 2d 
Cloth boards 3s. 6d., limp cluth (Wealg’s Series) 3s. (postage 3d.) Now ready, 12 mo., Cloth boards, 4s. 6d. (postage 4d.) 


H{ANDBOOK OF THE TELEGRAPH, | P UDIMENTARY MAGNETISM: Being. 


Being a Manual of Telegraphy, Telegraph Clerks’ Remem- a concise exposition of the general principles of M 
brancer, and Guide to Candidates for ele- Science, and the to which it bese applied 
graph Service. Fourth edition, revised and enlarged, by R. BOND. | wy Sxow Harris, &.R.S. New a. d Enlarged Edition, with con- 
Numerous illustrations, with questions 07 Nu co, and siderable additions by Dr, Noap, l'h.D.F.R.S. With 165 woodcuts 
Practical Telegraphy, for the use | “As concise and lucid an exposition of the phenomena of magnet- 
CR rer Rg best works of the sor ism as we believe it is possible to write.” —Eng lish Mechanic. 


ROSBY LOCKWOOD & Co., 7, Stationers’ Hall Court, Ludgate Hill, E.C. 
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PATENTS 


MAGNETIC AND ELECTRIC TELEGRAPH WORKS 
1, JAMES STREET, OLD STREET, CITY ROAD. 


use of Battery. 
nt" Magneto and Electric Alphabetical Dial Instru- 
Zanni’s Patent Morse Instrum wi 
Battery. beeen ent to work without 
Zanni’s Magneto-Electric Bloc i 
tng g | k system to work without, 


Zanni’s Ship Signal Dial to work without Battery. 
BENNETT'S BATTERY, with latest improvements, specially recom- 
mended on account of its simplicity, cheapness, and durability. 

All kinds of Electric Bells, Buttons, Indicating Tablets, with the latest 

e above Instruments of the best make 20 per cent, less than any oth 

MANAGER, 'E. D. BRIDGER. CONSULTING ELECTRICIAN, €. 


City Offices : 18, Buli and Mouth-street, St. Martin’s-le- Grand, E.C. 


SPEED AND CONTOUR OF WAVES IN CABLES. 


The British Telegraph Manufactory, Limited 
374, HUSTON ROAD,. N.W.., 


Are prepared to supply Time Interval Apparatus similar to that used by Mr. Sabine for 


determining the velocity and contour of waves in cables (vide Phil. M 
each, including travelling cases. at £10 


La 


CLAMOND’S PILES.—PATENTS FOR SALE. 


The Trustees for Debenture holders are prepared to entertain offers for the purchase of all o i 
are | r any of th 
improvements in Thermo-Electric Piles, granted to Charles Clamond, heretofore the Bred of 
oe re ange Limited, secured by the following letters Patent, that is to say—Letters Patent for Great Britain, dated the 6th day 
Li ‘2 74. etters Patent for France, dated the gth day of December, 1873. Letters Patent for the Kingdom of Belgium, dated the 
Irth day A eet: 1§73. Letters Patent for the United States of America, dated the 2nd day of June, 1874. ’ 
e Letters Patent can be seen, and further particulars obtained on application at the Offices of the undersigned Solicitors for 


the Trustees, 3 
LATTEY AND HART. 
SOLICITORS, 142, GRESHAM HOUSE, OLD BROAD STR ET, LONDON. 


Zanni’s Magneto-Electric Bell-Pull, dispensing with the 


2 
g 
2 à i 
— 
~ 
1 
» 
| 
O ONU, 
i} 
Hi 
{ 
M 
{lil | 
Ley 
» | 
if 
(A LY | 
ÿ 
- ~ = SS 
SSS 
\ 
| { [= = = == 
7 \ - + 
= +, AGA Z| 
/ 
\¥ 4 
1 i 
i 
| 
(À | 
| 
£ 
| ; 
| 
| 
|! 


vi | ; The Telezraphic Journal. [DECEMBER 15, 1876 


POPULAR SCIENTIFIC WORKS. 


TELEGRAPHY. By W. H. Preece, C.E. Divisional Engineer, 


Post-Office Telegraphs; and J. SIVEWRIGHT, M.A., Superintendent (Engineering Department) Post-Office 
Telegraphs. With many Woodcuts and Diagrams ee 8VO. 35, 64, 


A HANDBOOK of PRACTICAL TELEGRAPHY. By R. 5S. 


CuLLey, Member Inst. C. E. Engineer-in-Chief of Telegraphs to the Post Office. (Adopted by the Pos. 
Office and by the Department of Telegraphs for India.) Sixth Edition, with 144 Woodcuts, and 5 
Lithographic Plates 00000000... @ 000000000000 000000... 16s. 


A SHORT MANUAL of HEAT; For the Use of Schools and 


Science Classes. By the Rev. A. Irvine, B.A. = B. Sc. With 33 Diagrams ser Figures engraved on 
Wood 000000000000 0000000000 0000 0000000000... @ 00. .. Small 8vo. 28. 6d. 


THEORY of HEAT. By J. C! erk Maxwell, M.A., F.R.SS., L. 


and E. Professor of Experimental Physics in the nr of Cambridge. Fourth Edition, thoroughly 
revised. Small 8vo. with Woodcuts, 3s. 6d. 


MAGNETISM and the DEVIATION of the COMPASS For 


the use Students and Science Schools. By Joux LL.D., F.R.A.S. 
18mo. ts. 4d. 


ELECTRICITY and MAGNETISM. By Fleeming Jenkin, 


F.R.SS., L. and E. Professor of Engineering in the University of Edinburgh. With Woodcuts. 
Small 8vo. 3s. 6d. | | 


LESSONS in ELECTRICITY at the Royal Institution, 1875-6, 


By JoHN TYNDALL, D.C.L., LL.D., F.R.S. Professor of Natural Philosophy in the Royal Institution 
of Great Britain. With 58 Woodcuts. Crown 8vo. 2s. 6d. 


ELECTRICAL PHENOMENA and THEORIES; Notes of a 


Course of Seven Lectures delivered at the Royal Institution in 1870. By JoHN TyNDALL, F.R.S., D.C.L. 
. Crown 8vo. 1s. sewed, or 1s. 6d. cloth. 


LIGHT; Notes of a Course of Nine ‘Lectures delivered at the 


Royal Institution i in 1869. By the same Author. Crown 8vo. 1s. sewed, or 1s. 6d. cloth. 


AIR and ITS RELATIONS to LIFE: Lectures delivered at 


Royal Institution of Great Britain in 1874, with some Additions. By MALTE NoEz HARTLEY. 


ORGANIC CHEMISTRY (an Introduction to the Study Of) ; 


or, the CHEMISTRY of CARBON and its compounds. By H. E. ARMSTRONG, Ph.D. PCS, 
Professor of Chemistry in the London Institution. Small 8vo. with 8 Figures on Wood, 3s. 6d. 


INORGANIC CHEMISTRY (an Introduction to the Study of). 


By WILLIAM ALLEN MILLER, M.D., F.R.S., late Professor of aie in King’s College, London 
With 71 Figures engraved on Wood .....,..... TET Small 8vo. 3s. 6d 


INTRODUCTION to the STUDY of CHEMICAL PHILO- 


SOPHY; the Principles of Theoretical and Systematic Chemistry. By WiLi1am A. TiLpENn, D.Sc., 
Lond., F. C.S. Lecturer on Chemistry in Clifton College. Small 8vo. Woodcuts, 3s. 6d. 


Ganot’s NATURAL PHILOSOPHY for GENERAL READERS 


and YOUNG PERSONS;; a Course of Physics divested of Mathematical Formule, expressed in the 
language of daily life. Translated by E. ATxKinson, Ph.D., F.C.S. Second RE with 20 pages of 
New Matter, 2 Coloured Plates, and 429 Woodcuts ........................ ...... Crown 8vo. 75. 6d. 


Ganot’s ELEMENTARY TREATISE on PHYSICS, Expert- 


mental and Applied, for the use of Colleges and Schools. Translated and edited by E. ATEINION: Ph.D., 
F.C.S. Seventh Edition, revised and enlarged ; with 4 Coloured Plates, and 758 Woodcuts. Crown 
8vo. I5S. 


Weinhold’s INTRODUCTION to EXPERIMENTAL PHY. 


SICS, Theoretical and Practical; including Directions for Constructing Physical Apparatus and for 
Making Experiments. Translated by B. Loewy, F.R.A.S. With a Preface by G. C. Foster, F.R.S, 
With Three Coloured Plates and 404 I!lustrations engraved on Wood 8VO. 315. 6d. 


LONDON: LONGMANS & CO. 


| 
| 
LA 
| j 
A 
à 
| . 
| 
| 
| 
| 
L 
| 


4 a CN x 
Lu 
L À 
As 


* 


We do: beter eve been chosen for these où varions 
subject, Drs to have on mind, and his “are not limited tomy one branch, 

| «2 quality. in thesa-days of heterodox 
| shock his Delite, although author is often: on the: bordel land of hotly: 
nfested questions, 


| Fhipson'e Familiar Letters: abound in facts: not generally known and in 

réed by the professed: of as well. as ot and wi 

Sot both thinking”The Chemical News... 


“London. BAMPSON LOW, SEARLE RIVINGTON, 


ÉPORTS Of -THR COMMITTED: ON ELEC. | THEORY, SOURCES, 
trical Standards appointed by the British Associa: i “Applications, by John T. Sprague, Member ‘of MO 0 
ton, by Sir W. Thomson, Dr. Joule, Profs. Sotiéty of Telegtaph with Woodents. 
Clark: Maxwell, and Fléeming Jehan, with: A Report to : #0 valuable tables, 
the Royal Society où Units of Electrical Resistance, By | | 


HANDBOOK, OF ELECTRIC AT. the use. of Telegraph Txspectors and Operators, 


“Rondon: LAE CROSS. New Yor: 4 446 Broome 


bus 


| OFFICES: 85 & 52, MPTON GARDEN, E. 


En red Man ufacturers of 


THe : TRADE, SU JPPLIED. “CATALOGU ES FARE, 


they duction of manifolé conies Wades, Outline or Penman can use 
ONE? GO TWO THOUSAND COPIES are easily and sapidly produced, No special paper is required. 
We is cleanly und prints with ink of any colour, : lt obviates the expense and delay of lithography, and from the 


# 


| vacy and promptitude with which copies cen be made it is of the utmost value to Bankers, borer ee te 
Brokers, Solicitors, Accountasts, Ship Brokers, and Secretaries of Public Companies. 


with Duplicating Press, £8 8s. It may be seen in operation at the Offices of. 


Warehouses:.106 and 100, CANNON SE, LONDON, E. 


CONTRACTS ENTERED INT 


+ à fs 


F RES a 


hay La + 
a 
Li 
LS 
inked 
: 


ta the MEATEST, MOST DURABLE, and! 

BPPICIENT safeguzrd against lightning. Prices \ 


Éstimates on application. 


COMPANY, 


Works: SILVERTOWN, Essex; Persan Beaumont, FRANCE. 


TELEGRAPH ENGINEERS AND MANUFACTURERS 


Subterranean, and Aérial. 


WIRE. —India-Rubber and Guilä-Percha covered in all gauges. 


Instruments Bells; Resistance Coils, Sir W, Thomson sand Galvanometers, 


‘Condensers, Testing Instruments, &c. 


BATTERIES MANUFACTURERS FOR GREAT BRITAIN, IRELAND, AND 


COLONIES GF THE CELEBRATED LECLAMCHE BATTERY, 
which has recsived the most favourable reports from the Postal Authorities 
other eminent Telegraph Engineers, and is now in general use by the Post Office 


Hs, Carbon Platts, 
ENSULATORS ==Æbonite, Porcelaga, Brownware, &c. 


MANUFACTURERS Of TRE MOST APPARATUS FOR 
oe REPEATERS, ‘LIGHT” INDICATORS, AND WALKERS PASSENGER aD 3 
GUARD” COMMUNICATOR. 
PELE GRAPH. STORES AND APPARATUS OF EVERY DESCRIPTION. 


TORPEDO APPARATUS. 


“WAE INDIARUBBER, GUTTA-PERCHA, & TELEGRAPH WORKS COMPANY 


are Patentees and Manufacturers of a Complete System o rpedoes for H'arbour Coast Defence, ane 


SILVERTOWN PATE IRING BATTERY, 


<A CONSTANT BATTERY FOR MINING AND” BLASTING’ PURPOSES. | 
Tor the and MAINTENANCE of TELEGRAPH LINES. 


WIL BB on JAN. der! 


and English and Continéntal Railways. Asa Battery for all Telegraphic purposes it ic 4 
undoubtedly pre-eminent. All other of manufactured. ! 


à 
n, 
4 
4 
ina 
: 
{ | : 
#2 
+ 7 
% 
> 
= 
ie 
| 
# 
‘ : 
À 
“ 
3 
- 
2 1 
| { | 
e 
ag 
/ f 
¥ 
ia 
‘ 
] 
| 
‘ 
| 
{ 
4 
\# 
d 


as 
“4 
> 
Ty 
Ÿ | 
| 
a 2 
À 
2 € ê 
| 
Pes 
& 
à 
f 
LA 
à 
ae 
ta 
; 
% 
4 
A 
}, 
t2 | 
4 ! 
. 
« 
- 
iy | 
ÿ . 
- 
£ 
À 
ty 
Ne 
+ 
+] 
a 
- 
A . 
| 
‘# 
| 
24 


